LINEAR LIGHT EMITTER AND METHOD OF MANUFACTURING 

THE LIGHT EMITTER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a linear light emitter which can 
radiate light from a side peripheral surface with high directivity and 
without loss, and in particular, relates to a linear light emitter which is 
suitable as a lamp for a vehicle such as a vehicle interior light, a 
taillight of a vehicle or the like, and to a method of manufacturing the 
light emitter. 

Description of the Related Art 

Conventionally, neon tubes, fluorescent tubes, and the like have 
been known as light emitters by which linear emitted light can be 
obtained. These neon tubes and fluorescent tubes require high voltage, 
and there is the danger of electric shock and electric leakage. Therefore, 
they cannot be used, for example, in the water or in places exposed to 
rain, or in places exposed to snow. Moreover, because neon tubes and 
fluorescent tubes are formed by glass tubes, they could not be used in 
places where there is the concem that a person or a vehicle or the like 
would physically collide with them and break them. Further, in cases 
in which they are used in a shape bent in the form of a curved surface. 
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glassworking conforming to the curvature thereof is required and 
veteran skill is needed, which leads to an increase in costs as a result. 
Further, because the electric power consumed by a neon tube or a 
fluorescent tube is about several tens of W per 1 m which is large, 
when they are used over a long period of time, there is the problem 
that they cannot be used if not in a place where a commercial power 
source can be used. 

In recent years, structures in which plastic optical fibers or light 
transmitting tubes, in which a tremsparent core liquid or a flexible 
transparent polymer is filled in a flexible tube, are twisted together 
have been proposed as structures for overcoming these problems. 

Namely, the aforementioned proposals are structures in which 
light exiting from a light source is made incident on the light 
transmitting tubes or the like, and light is made to exit from the tube 
side surfaces along a length of several tens of meters. The light source 
and the light emitting portion can be separated. Therefore, they can be 
used in water or outside, or even in environments in which there is the 
fear of explosion. Moreover, there is no danger of breakage, and 
further, complex and bothersome processings such as glassworking or 
the like are not needed, and they are structures having a good ability 
to be put into operation. 

However, such light transmitting tubes and the like are structures 
which emit light over a length of about several tens of m. The light 
emitting efficiency of the side surfaces is poor, and a high electric 
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power light source of about 50 to 250 W is needed in order to increase 
the intensity. Further, for the purpose of side surface light emission, 
^ there is the need for measures for protecting the light source when 
used in water or outside or in an environment in which there is the 
fear of explosion. Accompanying this, problems arise in that the light 
source device itself becomes large, and places for the accommodation 
thereof are greatly limited. 

On the other hand, as a linear light emitter which radiates light 
from a side peripheral surface, in recent years, attention has focused 
on light transmitting tubes which have a tubular clad and a core 
structured by a material having a higher refractive index than the 
structural material of the tubular clad, and a strip-shaped reflective 
layer is formed along the lengthwise direction of the tubular clad 
between the tubular clad and the core, and the light passing through 
the core is reflected/ scattered at the reflective layer and radiated from 
the tubulcir clad side peripheral surface at the side opposite the side at 
which the reflective layer is formed. Moreover, in order to make the 
emitted light amoimt from the side peripheral surface of the linear 
light emitter uniform in the longitudinal direction, changing of the 
width of the strip-shaped reflective layer in the lengthwise direction 
also has been proposed (Japanese Patent Application Laid-Open 
QP-A) No. 2000-39519). 

At the light transmitting tube, the reflective layer is formed in a 
strip-shape along the lengthwise direction of the tube between the 
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tubular clad and the core. The strong light, whose light amount is the 
greatest and which passes through the interior of the core, is reflected 
by this strip-shaped reflective layer and is radiated as strong light 
having high directivity from the tube side peripheral surface at the 
side opposite the reflective layer. As a result, the intensity is markedly 
high, and the structure is extremely bright. 

However, in the conventional linear light emitter, the directivity 
of the exiting light cannot be increased in a predetermined direction. 
Therefore, the intensity visual field angle characteristic is somewhat 
inferior, and the current situation is that a structure having sufficiently 
satisfactory performances has not yet been proposed. 

In light of this situation, the subject of the present invention is the 
resolution of many of the problems in the conventional art, and the 
achievement of the following object. 

Namely, the object of the present invention is to provide a high 
performance linear light emitter in which the angle distribution of 
exiting light in the peripheral direction in particular is optimized, and 
which can radiate light from a side peripheral surface thereof with 
high directivity and without loss, and a method of manufacturing the 
light emitter. 

SUMMARY OF THE INVENTION 
A first aspect of a linear light emitter of the present invention is 
characterized in that, in a linear light emitter having at least a 
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translucent rod-shaped body which has a light incident portion at least 
at one end and which has, on a peripheral side surface running along 
an axial direction, a light reflecting layer reflecting incident light from 
the light incident portion, 

the light emitter comprises at least a translucent rod-shaped body 
satisfying a following formula 0.01 < LW/LC < 0.2, given that a length 
of an outer periphery is LC (mm) and a line width of the light 
reflecting layer is LW (mm) in a cross-section orthogonal to an axial 
direction of an irmer peripheral surface of the translucent rod-shaped 
body. 

In accordance with the linear light emitter relating to the first 
aspect, the linear light emitter has at least a translucent rod-shaped 
body which has a light incident portion at least at one end and which 
has, on a peripheral side surface running along an axial direction, a 
light reflecting layer reflecting incident light from the light incident 
portion, and due to the following formula 0.01 ^ LW/LC ^ 0.2 being 
satisfied given that a length of an outer periphery is LC (mm) and a 
line width of the light reflecting layer is LW (mm) in a cross-section 
orthogonal to an axial direction of an inner peripheral surface of the 
translucent rod-shaped body, the angle distribution of exiting light in 
the peripheral direction is optimized, and strong, linear light which 
has high directivity and is substantially orthogonal to the peripheral 
direction is obtained, and a linear light emitter which has excellent 
stability, heat-resistance, weatherability, and cost performance is 
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obtained. 

A second aspect of a linear light emitter of the present invention 
is characterized in that, in a linear light emitter having at least a 
translucent rod-shaped body which has a light incident portion at least 
at one end and which has, on a peripheral side surface running along 
an axial direction, a light reflecting groove reflecting incident light 
from the light incident portion, 

an angle 0 (^) formed by an axis orthogonal to an axial direction 
of the linear light emitter and a light incident surface at the light 
reflecting groove is 30 < 0 < 60. 

In accordance with the linear light emitter relating to the second 
aspect, the linear light emitter has at least a translucent rod-shaped 
body which has a light incident portion at least at one end and which 
has, on a peripheral side surface rtmning along an axial direction, a 
light reflecting groove reflecting incident light from the light incident 
portion, and due to an angle 0 (*^) formed by an axis orthogonal to an 
axial direction of the linear light emitter and a light incident surface at 
the light reflecting groove being 30 ^ 0 < 60, the angle distribution of 
exiting light in the axial direction is optimized, and strong, linear light 
which has high directivity and is substantially orthogonal to the axial 
direction is obtained, and a lineair light emitter which has excellent 
stability, heat-resistance, weather-resistance, and cost performance is 
obtained. 

A third aspect of a linear light emitter of the present invention is 
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characterized in that, in a linear light emitter having at least a 
translucent rod-shaped body which has a light incident portion at least 
at one end and at which a light reflecting groove, which has a light 
reflecting surface facing the light incident portion, is formed on a 
peripheral side surface rimning along an axial direction, 

the light reflecting groove has groove walls at both ends of the 
light reflecting surface. 

In accordance with the linear light emitter relating to the third 
aspect, the linear light emitter has at least a translucent rod-shaped 
body which has a light incident portion at least at one end and at 
which a light reflecting groove, which has a light reflecting surface 
facing the light incident portion, is formed on a peripheral side surface 
running along an axial direction, and due to the light reflecting groove 
having, at both ends, groove walls which intersect a groove floor (a 
so-called both-end-stopped groove), both the angle distribution of 
exiting light in the axial direction and the angle distribution of exiting 
light in the peripheral direction are optimized, and strong, linear light 
which has high directivity and is substantially orthogonal to the axial 
direction is obtained, and a linear light emitter which has excellent 
stability, heat-resistance, weatherability, and cost performance is 
obtained. 

A fourth aspect of a linear light emitter of the present invention is 
characterized in that, in a linear light emitter having at least a 
translucent rod-shaped body which has a light incident portion at least 
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at one end and at which a light reflecting groove, which has a light 
reflecting surface facing the light incident portion, is formed on a 
peripheral side surface running along an axial direction, 

a surface roughness (Ra) of the light reflecting surface at the light 
reflecting groove is 0.5 |im or less. 

In accordance with the linear light emitter relating to the fourth 
aspect, the lineatr light emitter has at least a translucent rod-shaped 
body which has a light incident portion at least at one end and at 
which a light reflecting groove, which has a light reflecting surface 
facing the light incident portion, is formed on a peripheral side surface 
running along an axial direction, and by making a surface roughness 
(Ra) of the light reflecting surface at the light reflecting groove be 0.5 
|im or less and preferably 0.3 |im or less, the light reflecting surface 
can be made to approach a mirror finished surface, the directivity is 
increased, and in particular, the angle distribution of exiting light in 
the axial direction is optimized, and strong, linear light which has high 
directivity and is substantially orthogonal to the axial direction is 
obtained, and a linear light emitter which has excellent stability, 
heat-resistance, weatherability, and cost performance is obtained. 

A fifth aspect of a linear light emitter of the present invention is 
characterized in that, in a linear light emitter having at least a 
translucent rod-shaped body which has a light incident portion at least 
at one end and at which a light reflecting groove, which has a light 
reflecting surface facing the light incident portion, is formed on a 
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peripheral side surface running along an axial direction, 

a light reflecting film is formed at the light reflecting groove of 
the translucent rod-shaped body and at a land portion other than the 
light reflecting groove, or a light reflecting film is formed at the light 
reflecting surface of the light reflecting groove or at the light reflecting 
surface after polishing. 

In accordance with the linear light emitter relating to the fifth 
aspect, in a linear light emitter having at least a translucent 
rod-shaped body which has a light incident portion at least at one end 
and at which a light reflecting groove, which has a light reflecting 
surface facing the light incident portion, is formed on a peripheral side 
surface running along an axial direction, due to a light reflecting film 
being formed at the light reflecting groove of the translucent 
rod-shaped body and at a land portion other than the light reflecting 
groove, or a light reflecting film being formed at the light reflecting 
surface of the light reflecting groove or at the light reflecting surface 
after polishing, and in this case, in particular, due to the light 
reflecting film being formed by a metal film selected from silver, nickel, 
chromium, iron, titanium, gold, aluminum and alloys thereof, the light 
reflecting groove can be made to be a mirror finished surface, the 
directivity is increased, leakage of light toward the groove reverse 
surface can be prevented, the intensity can be markedly improved, the 
angle distribution of exiting light in the axial direction is optimized, 
strong, linear light which has high directivity and is substantially 
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orthogonal to the axial direction is obtained, and a linear light emitter 
which has excellent stability, heat-resistance, weatherability, and cost 
performance is obtained. 

A sixth aspect of a linear light emitter of the present invention is 
characterized in that, in a linear light emitter having at least a 
translucent rod-shaped body which has a light incident portion at least 
at one end and at which a light reflecting groove, which has a light 
reflecting surface facing the light incident portion, is formed on a 
peripheral side surface running along an axial direction, 

a material having a refractive index higher than a refractive index 
of the translucent rod-shaped body is coated on the light reflecting 
surface at the light reflecting groove. 

In accordance with the linear light emitter relating to the sixth 
aspect, the linear light emitter has at least a translucent rod-shaped 
body which has a light incident portion at least at one end and which 
has, on a peripheral side surface running along an axial direction, a 
light reflecting groove reflecting incident light from the light incident 
portion, and by coating, on a light reflecting surface at the light 
reflecting groove, a material having a refractive index higher than a 
refractive index of the translucent rod-shaped body, and in particular, 
a high refraction material selected from polystyrene (PS), 
polycarbonate (PC), tin-doped indium oxide (ITO), antimony-doped 
tin oxide (ATO), and aluminum-doped zinc oxide, the critical angle 
can be made large, leakage of light can be made small, the angle 
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distribution of exiting light in the axial direction is optimized, strong, 
linear light which has high directivity and is substantially orthogonal 
to the axial direction is obtained, and a linear light emitter which has 
excellent stability, heat-resistance, weatherability, and cost 
performance is obtained. 

A method of manufacturing a linear light emitter of the present 
invention is characterized in that, in a method of manufacturing a 
linear light emitter having at least a translucent rod-shaped body 
which has a light incident portion at least at one end and at which a 
light reflecting film is formed at a surface on a peripheral side surface 
rimning along an axial direction, 

the method inserts a transfer film, at which a transferable light 
reflecting film layer is formed on a base film, into an injection molding 
mold for translucent rod-shaped body molding having, at an interior 
thereof, a configuration corresponding to the translucent rod-shaped 
body, and simultaneously with injection charging of a translucent 
rod-shaped body material, transfers the light reflecting film of the 
transfer film to the translucent rod-shaped body. 

In accordance with the method of manufacturing a linear light 
emitter of the present invention, by inserting a transfer film, at which a 
transferable light reflecting film layer is formed on a base film, into an 
injection molding mold for translucent rod-shaped body molding 
having, at an interior thereof, a configuration corresponding to the 
translucent rod-shaped body, and simultaneously with injection 
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charging of a translucent rod-shaped body material, transferring the 
light reflecting film of the transfer film to the translucent rod-shaped 
body, or by inserting a transfer film, at which a transferable light 
reflecting film layer is formed on a base film, into an injection molding 
mold for translucent rod-shaped body molding having, at an interior 
thereof, a configuration corresponding to the light reflecting groove of 
the translucent rod-shaped body, and simultaneously with injection 
charging of a translucent rod-shaped body material, transferring the 
light reflecting film of the transfer film to the translucent rod-shaped 
body, a process of forming the light reflecting film can be eliminated, 
mass production is possible, and cost reduction can be aimed for. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view showing an example of a 
linear light emitter of the present invention. 

FIG. 2 is an axial direction schematic sectional view of a 
translucent rod-shaped body. 

FIG. 3 is a peripheral direction schematic sectional view of the 
translucent rod-shaped body. 

FIG. 4 is a schematic sectional view showing one example of the 
translucent rod-shaped body. 

FIG. 5A is a schematic sectional view for explaining the 
configuration of a light reflecting groove, and FIG. 5B is a perspective 
view for explaining the configuration of the light reflecting groove. 
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FIG. 6A is a schematic sectional view for explaining the 
configuration of the light reflecting groove, and FIG. 6B is a 
perspective view for explaining the conf igxiration of the light reflecting 
groove. 

FIG. 7 is a diagram for explaining an angle formed by a light 
incident surface of the light reflecting groove and an orthogonal axis. 

FIG. 8A is a plan view showing an example of the light reflecting 
groove, and FIG. 8B is a side view. 

FIG. 9A is a plan view showing an example of the light reflecting 
groove, and FIG. 9B is a side view. 

FIG. 10 is a front view showing an example of the linear light 
emitter of the present invention. 

FIG. 11 is a front view showing an example of the linear light 
emitter of the present invention. 

FIG. 12A is a diagram showing the state of light reflection of a 
light reflecting surface of the light reflecting groove on which a highly 
refractive material has been coated, and FIG. 12B is an enlarged view 
of FIG. 12A. 

FIG. 13 A is a diagram expressing a state before molding in a 
method of manufacturing the linear light emitter, FIG. 13B is a 
diagram showing a state at the time of molding, and FIG. 13C is a 
diagram showing a state after molding. 

FIG. 14 is a perspective view showing a usage example in which 
the linear light emitter is disposed at a side surface of a headlight of an 
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automobile. 

FIG. 15 is a partial enlarged view of the headlight portion of FIG. 

14. 

FIG. 16 is a perspective view showing a usage example in which 
the linear light emitter is disposed at a reverse side of a retractable side 
mirror of an automobile. 

FIG. 17 is a partial enlarged view of the side mirror portion of FIG. 

16. 

FIG, 18 is a perspective view showing a usage example in which 
the linear light emitter is disposed at a back light of an automobile. 
FIG. 19 is a partial erilarged view of the back light portion of FIG. 

18. 

FIG. 20 is a perspective view showing a usage example in which 
the linear light emitter formed in a ring shape is disposed at a 
headlight of an automobile. 

FIG. 21 A is an enlarged view of the linear light emitter of FIG. 20, 
and FIG. 21B is a side view of the linear light emitter of FIG. 20. 

FIG. 22A is an enlarged view of the linear light emitter of FIG. 20, 
and FIG. 22B is a side view of the linear light emitter of FIG. 20. 

FIG. 23 is a perspective view showing a usage example in which 
the linear light emitter is disposed at a side light of an automobile. 

FIG. 24 is a partial enlarged view of the side portion of FIG. 23. 

FIG. 25 is a schematic perspective view showing a high-mount 
stop lamp mounted to a rear portion of a conventional vehicle. 
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FIG. 26 is a schematic perspective view showing an example of a 
state in which the linear light emitter of the present invention is used 
as a high-mount stop lamp. 

FIG. 27 is a graph showing the relationship between visual field 
angle and intensity of Example 1. 

FIG. 28 is a graph showing the relationship between visual field 
angle and intensity of Example 1. 

FIG. 29 is a graph showing the relationship between axial 
direction length and side surface intensity of Example 2. 

FIG. 30 is a graph showing the relationship between axial 
direction length and side surface intensity of Example 2. 

FIG. 31 is a graph showing the relationship between visual field 
angle and intensity of Example 3 and Comparative Example 2. 

FIG. 32 is a graph showing the relationship between axial 
direction length and intensity of Example 3 and Comparative Example 
2. 

FIG. 33 is a graph showing the relationship between visual field 
angle and intensity of Example 4 and Comparative Example 4. 

FIG. 34 is a graph showing the relationship between axial 
direction length and intensity of Example 4 and Comparative Example 
4. 

FIG. 35 is a graph showing the relationship between visual field 
angle and intensity of Example 5 and Comparative Example 6. 
FIG. 36 is a graph showing the relationship between axial 
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direction length and intensity of Example 5 and Comparative Exampl 
6. 

FIG. 37 is a graph showing the relationship between visual field 
angle and intensity of Example 6 and Comparative Example 8. 

FIG, 38 is a graph showing the relationship between axial 
direction length and intensity of Example 6 and Comparative Exampl 
8. 

FIG. 39 is a graph showing the relationship between visual field 
angle and intensity of Example 7 and Comparative Example 9. 

FIG. 40 is a graph showing the relationship between axial 
direction length and intensity of Example 7 and Comparative Exampl 
9. 

FIG. 41 is a graph showing the relationship between visual field 
angle and intensity of Example 8 and Comparative Example 10. 

FIG. 42 is a graph showing the relationship between axial 
direction length and intensity of Example 8 and Comparative Exampl 
10. 

FIG. 43 is a graph showing a lengthwise direction intensity 
distribution of Example 9 and Comparative Example 11. 

FIG. 44 is a graph showing a peripheral direction intensity 
distribution of Example 9 and Comparative Example 11. 

FIG. 45 is a graph showing the relationship between axial 
direction length and intensity of Example 9 and Comparative Exampl 
11. 
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FIG. 46 is a graph showing a lengthwise direction intensity 
distribution of Example 10 and Comparative Example 12. 

FIG. 47 is a graph showing a peripheral direction intensity 
distribution of Example 10 and Comparative Example 12. 

FIG. 48 is a graph showing the relationship between axial 
direction length and intensity of Example 10 and Comparative 
Example 12, 

DESCRIFnON OF THE PREFERRED EMBODIMENTS 
Hereinafter, the present invention will be described in further 
detail with reference to the drawings. 
<Linear Light Emitter Relating to First Aspect> 

The linear light emitter relating to the first aspect of the present 
invention has at least a translucent rod-shaped body which has a light 
incident portion at least at one end and which has, on a peripheral side 
surface nmiung along an Eixial direction, a light reflecting layer 
reflecting incident light from the light incident portion, and the light 
emitter comprises at least a translucent rod-shaped body satisfying a 
following formula 0.01 < LW/LC < 0.2, given that a length of an outer 
periphery is LC (mm) and a line width of the light reflecting layer is 
LW (mm) in a cross-section orthogonal to an axial direction of an inner 
peripheral surface of the translucent rod-shaped body. 

FIG. 1 is a schematic sectional view showing an example of the 
linear light emitter. This linear light emitter 10 has a translucent 
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rod-shaped body 1, a reflective body 7 provided at one longitudinal 
direction end of the translucent rod-shaped body 1, and a light source 
12 such as an LED or the like disposed at the other end so as to face 
the reflective body 7. Note that 15 is a housing. 

In this linear light emitter 10, the light source 12 (light emitter) is 
provided at only one end of the translucent rod-shaped body 1. In this 
case, it is preferable to provide the reflective body 7 at the other end 
surface. Note that, in the present invention, light sources can be 
provided at both ends of the translucent rod-shaped body 1. 

In cross-section in a direction orthogonal to the axial direction of 
the translucent rod-shaped body 1, the configuration at the side (the 
lens portion) opposing a light reflecting groove side can be 
appropriately selected in accordance with the line width of the light 
reflecting layer, and the application, the purpose and the like of the 
linear light emitter, but is preferably either of a portion of a perfect 
circle or a portion of an oval. 

The translucent rod-shaped body 1 is not particularly limited, and 
can be appropriately selected in accordance with the object. However, 
as shown in FIGs. 2 and 3, it preferably has the translucent rod-shaped 
body 1 having a light incident portion at least at one end thereof, a 
translucent clad 3 which has a lower refractive index than the 
translucent rod-shaped body 1 and which covers the translucent 
rod-shaped body, and a light reflecting layer 4 formed on the 
peripheral side surface running along the axial direction at the 
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translucent rod-shaped body. Note that the light reflecting layer 4 may 
be formed in a state of slightly penetrating into the interior of the 
translucent rod-shaped body 1 from the surface of the translucent 
rod-shaped body 1. 

In the present invention, given that the length of the outer 
periphery is LC (mm) and the line width of the light reflecting layer is 
LW (mm) in a cross-section orthogonal to the axial direction of the 
inner peripheral surface of the translucent rod-shaped body, the 
following formula 0.01 ^ LW/LC ^ 0.2 is satisfied, and in particular, it 
is preferable that 01 < LW/LC < 0.2. 

When LW/LC is too small, little light is reflected, and therefore, 
the intensity is low. On the other hand, when LW/LC is too large, too 
much light is reflected, and the intensity is high. However, this is the 
case of a short distance from the light source, and at a place which is 
further from the light source, conversely, the intensity is low. In any 
case, optimization of the angle distribution of the peripheral direction 
exiting light cannot be achieved. 

The line width LW of the light reflecting layer 4 differs in 
accordance with the diameter and the length of the translucent 
rod-shaped body and cannot be stipulated unconditionally, but is 0.1 
mm to 50 mm, and preferably 0.5 mm to 20 mm, and is more 
preferably 1 mm to 10 mm. 

Further, the line width W of the light reflecting layer is preferably 
adjusted so as to become gradually larger as the distance from the 
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light incident portion becomes longer (the further away from the light 
source). Concretely, in a case in which a light source such as an LED or 
the like is disposed at one side, it is preferable that the further away 
from the light source, the broader the line width of the light reflecting 
layer. Moreover, in a case in which light sources such as LEDs or the 
like are disposed at both ends, it is preferable that the closer to the 
central portion of the linear light emitter, the broader the line width of 
the light reflecting layer. 

Note that the light reflecting layer is not limited to one layer, and 
may be formed as plural layers. 

At the linear light emitter which is structured in this way, total 
reflectance of the light entering in from the left end surface of the 
translucent rod-shaped body occurs at the boundary face between the 
translucent rod-shaped body and the clad layer. Due to the light 
reflecting layer, the loss from the side peripheral surface of the linear 
light emitter is low and the light is radiated efficiently. The intensity of 
the reflected light from the light reflecting layer in the direction 
orthogonal to the substantial center of the light reflecting layer in the 
cross-section orthogonal to the axial direction of the inner peripheral 
surface of the translucent rod-shaped body can achieve a high 
intensity of 200 cd/mP- or more, and preferably 300 cd/m^ or more, 
and more preferably 400 cd/ m^ or more. 

Here, a transparent material having a refractive index which is 
higher than that of the material (clad material) forming the clad 3 is 
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used as the material structuring the translucent rod-shaped body. 
Generally, the material is appropriately selected and used in 
accordance with the object from among plastics, elastomers, and the 
like. 

Concretely, the material structuring the translucent rod-shaped 
body is preferably a solid shape. Examples include transparent 
materials such as polystyrene, styrene - methylmethacrylate 
copolymer, (meth)acrylic resin, polymethylpentene, aryl glycol 
carbonate resin, spiran resin, amorphous poly olefin, polycarbonate, 
polyamide, polyarylate, polysulfone, polyarylsulfone, polyether 
sulfone, polyether imide, polyimide, diarylphthalate, fluorine resins, 
polyester carbonate, norbomene resins (ARTON), alicyclic acrylic 
resins (optolets), silicone resins, acrylic rubber, silicone rubber, and the 
like. A single type thereof may be used alone or two or more types 
may be used in combination. 

The clad material can be selected from among transparent 
materials whose refractive index is lower than that of the translucent 
rod-shaped body. Organic materials such as plastics, elastomers and 
the like are examples. 

Examples of the clad material include polyethylene, 
polypropylene, polymethyl(meth)acrylate, fluorinated 
polymethyl(meth)acrylate, polyvinyl chloride, polyvinylidene chloride, 
polyvinyl acetate, polyethylene - vinyl acetate copolymer, polyvinyl 
alcohol, polyethylene - polyvinyl alcohol copolymer, fluorine resins. 
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silicone resins, natural rubber, polyisoprene rubber, polybutadiene 
rubber, styrene - butadiene copolymer, butyl rubber, halogenated 
butyl rubber, chloroprene rubber, acrylic rubber, ethylene - propylene 
- diene copolymer (EPDM), acrylonitrile - butadiene copolymer, 
fluorine rubber, silicone rubber, and the like. A single type thereof 
may be used alone or two or more types may be used in combination. 

Among the translucent rod-shaped body materials and clad 
materials, from the standpoints of the optical characteristics such as 
transparence, refractive index and the like, and workability and the 
like, as the translucent rod-shaped body material, polystyrene, 
polycarbonate, styrene - (meth)acrylic copolymers (MS polymers), and 
the like are preferable, and further, as the clad material, (meth)acrylic 
polymers and the like are preferable. 

The diameter of the translucent rod-shaped body 1 is not 
particularly limited, and is usually about 2 mm to 30 mm, and in 
particular, about 5 mm to 15 mm is preferable. Moreover, the thickness 
of the clad 3 is usually 0.05 mm to 4 mm, and in particular, about 0.2 
mm to 2 mm is preferable. 

The light reflecting layer is preferably formed by a (meth)acrylic 
polymer containing a white pigment or a scattering agent. 

Here, examples of the white pigment and the scattering agent are 
organic polymer particles such as silicone resin pairticles or 
polystyrene resin particles or the like, metal oxide particles such as 
AI2O3, TiOa, SiOa and the like, sulfate particles such as BaS04 and the 



22 



like, carbonate particles such as CaCOa and the like, and the like. A 
single type thereof may be used alone or two or more types may be 
used in combination. 

When the reflection efficiency and the simultaneous extruding 
workability and the like are considered, the average particle diameter 
of the particles of the white pigment or the scattering agent are 0.1 |im 
to 200 M,m, and in particular, 0.5 ^im to 50 |im is preferable. Further, the 
amount of the white pigment or scattering agent contained in the 
reflective layer structuring material (the reflective material) is 0.5 % by 
mass to 20% by mass, and in particular, 1 % by mass to 10% by mass is 
preferable. 

Note that, although not illustrated, a light reflecting protective 
layer may be formed on the outer surface of the translucent clad 3 so 
as to cover the light reflecting layer 4. If it is a linear light emitter at 
which such a light reflecting protective layer is formed, when there are 
defects such as pin holes or the like in the light reflecting layer, due to 
the light which leaks out to the reverse side of the light reflecting layer 
4 and the light which leaks out from the side portions of the light 
reflecting layer 4 through these defect portions being reflected at the 
light reflecting protective layer, the loss of light can be decreased, and 
the intensity at the side opposite the light reflecting layer 4 can be 
increased even more. 

As the structural material of the light reflecting protective layer, a 
material which does not transmit to the exterior the light which leaks 



23 



from the light reflecting layer 4, and which efficiently reflects this light 
without absorbing it, is preferable. Concretely, metal foils of silver, 
aluminum, or the like, metal sheets, or coated films in which scattering 
particles which scatter light such as those described above are 
dispersed, and the like can be used. 

The method for manufacturing the translucent rod-shaped body 
of the linear light emitter is not particularly limited. For example, it 
suffices to use a three-color extruder having three screws, and to 
introduce the translucent rod-shaped body material, the clad material, 
and the reflective material including a white pigment or a scattering 
agent into the extruder, and when, simultaneously, the translucent 
rod-shaped body material is extruded into a columnar shape, the 
reflective material is extruded into a strip-shape on the outer 
peripheral surface of the columnar translucent rod-shaped body, and 
the clad material is extruded in a tube shape covering the translucent 
rod-shaped body material and the reflective material, to veiry the 
extruded amount of the reflective material by varying the rotational 
speed of the extruding screw or the like, and to extrude the light 
reflecting layer 4, which is strip-shaped and has different widths in the 
lengthwise direction, between the translucent rod-shaped body and 
the translucent clad 3. 

In accordcince with this method, three types of materials having 
different refractive indices and properties can be extruded 
simultaneously, and a laminated structure having three types of 
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functions can be formed at one time. The molding speed is fast, and 
furthermore, the respective materials are laminated in a softened state. 
Therefore, the translucent rod-shaped body, in which there is excellent 
adhesion between the respective layers, can be manufactured 
efficiently. 

In the case in which the light reflecting protective layer is formed, 
after the above-described extrusion molding, a metal foil or a metal 
sheet may be adhered, or a coating material in which scattering 
particles are dispersed may be coated. It is also possible to form the 
light reflecting protective layer by simultaneous extrusion. 

In the present invention, among the end surfaces of the 
translucent rod-shaped body, the end surface facing the light source 
such as the LED or the like may be a roughened surface. The angle of 
intersection between this end surface and a vertical surface with 
respect to the translucent rod-shaped body is 50° or less, and 
preferably 10^ to 50^, and more preferably 20^ to 40°. 
<Linear Light Ernitter Relating to Second Aspect> 

The linear light emitter relating to the second aspect of the 
present invention has at least a translucent rod-shaped body which 
has a light incident portion at least at one end and which has, on a 
peripheral side surface running along an axial direction, a light 
reflecting groove reflecting incident light from the light incident 
portion, and an angle 0 (°) formed by an axis orthogonal to an axial 
direction of the linear light emitter and a light incident surface at the 
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light reflecting groove is 30 < 0 < 60. 

FIG. 1 is a schematic sectional view showing an example of the 
linear light emitter. This linear light emitter 10 has the translucent 
rod-shaped body 1, the reflective body 7 provided at one longitudinal 
direction end of the translucent rod-shaped body 1, and the light 
source 12 such as an LED or the like disposed at the other end so as to 
face the reflective body 7. Note that 15 is the housing. 

In this linear light emitter 10, the light source 12 (light emitter) is 
provided at only one end of the translucent rod-shaped body 1. In this 
case, it is preferable to provide the reflective body 7 at the other end 
surface. Note that, in the present invention, light sources can be 
provided at both ends of the translucent rod-shaped body 1. 

In cross-section in a direction orthogonal to the axial direction of 
the trainslucent rod-shaped body, the configuration at the side (the lens 
portion) opposing a light reflecting groove side can be appropriately 
selected in accordance with the application, the purpose and the like of 
the linear light emitter, but is preferably either of a portion of a perfect 
circle or a portion of an oval. 

The translucent rod-shaped body 1 is not particularly limited, and 
can be variously selected in accordeince with the object However, as 
shown in FIG. 4, it preferably has the translucent rod-shaped body 1 
having a light incident portion at least at one end thereof, and the 
translucent clad 3 which has a lower refractive index than the 
translucent rod-shaped body 1 and which covers the translucent 
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rod-shaped body. 

The diameter of the translucent rod-shaped body 1 is not 
particularly limited, and is usually about 2 mm to 30 mm, and in 
particular, about 5 mm to 15 mm is preferable. Moreover, the thickness 
of the translucent clad 3 is usually 0.05 mm to 4 mm, and in particular, 
about 0.2 mm to 2 mm is preferable. 

A large number of light reflecting grooves 8, which reflect 
incident light from the light incident portion, are provided at the outer 
peripheral surface of the translucent rod-shaped body 1 so as to be 
spaced apart at predetermined intervals. The light reflecting grooves 8 
are provided so as to pass through the clad 3 so as to reach the 
translucent rod-shaped body 1. 

As shown in FIG. 7, at the light reflecting groove 8 of the linear 
light emitter, an angle 0 (°) formed by the axis orthogonal to the axial 
direction of the translucent rod-shaped body 1 and a light incident 
surface 8a at the light reflecting groove is 30 ^ 0 ^ 60, and preferably 40 
< 6 < 60, and more preferably 45 < 0 < 55 is preferable. 

When the angle 6 is too small, the distribution of the exiting light 
is offset towEtrd the light source side. On the other hand, when the 
angle 0 is too large, the distribution of the exiting light is offset toward 
the other end side of the light source. In either case, the directivity is 
low, the intensity is low, and the object of the present invention cannot 
be achieved. 

The cross-sectional configuration of the light reflecting groove 8 is 
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preferably V-shaped or inverted cone-shaped, but does not necessarily 
have to be a shape having left-right symmetry in the normal line 
direction. It is preferable that the cross-sectional configuration be 
appropriately adjusted in accordance with the distance from the light 
incident portion, the number of light sources which are disposed, and 
the like. 

Namely, in a case in which the light source is provided at one end 
of the translucent rod-shaped body, it is preferable that the angle 0 {^) 
becomes gradually larger as the distance from the light incident 
portion becomes longer (the light incident surface of the light 
reflecting groove inclines more the more the distance from the light 
source increases). In this way, the emitted light amount distribution in 
the longitudinal direction of the linear light emitter is made uniform. 

Accordingly, if the cross-sectional configuration of the light 
reflecting groove is a left-right symmetrical configuration in the 
normal line direction, the vertical angle of the light reflecting groove is 
2 times the angle 0. However, as described above, cases in which the 
angle 0, which is formed by the normal line and the light reflecting 
surface of the light reflecting groove, differs are also included (in such 
cases, the vertical angle is not 2 times the angle 0). Note that the 
vertical angle of the light reflecting groove is preferably 60° to 120'', 
and in particular, a range of 90° to 110° is preferable. 

Moreover, in a case in which light sources are provided at both 
ends of the translucent rod-shaped body, it is preferable that the light 
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incident surface of the light reflecting groove inclines more the closer 
to the central portion of the translucent rod-shaped body. In this way, 
the emitted light amount distribution in the longitudinal direction of 
the linear light emitter is made uniform. 

Usually, as shown in FIGs. 8A and 8B, the light reflecting groove 
8 is formed so as to come to the position of the line normal to the axial 
direction of the translucent rod-shaped body 1. However, as shown in 
FIGs. 9 A and 9B, the light reflecting groove can be formed at 
somewhat of an angle from the line normal to the axial direction of the 
translucent rod-shaped body 1. Note that, although not illustrated, the 
light reflecting groove 8 may have an angle in the opposite direction of 
that in FIGs. 9A and 9B. 

In the present invention, as shown in FIG. 10, in a case in which 
the light source 12 such as an LED or the like is disposed at one side, it 
is preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further away from the light source 12. In 
this way, the emitted light amount distribution in the longitudinal 
direction of the linear light emitter is easily made uniform. 

Further, as shown in FIG. 11, in a case in which the light sources 
12, 12 such as LEDs or the like are disposed at both ends, it is 
preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further toward the central portion of the 
linear light emitter. In this way, the emitted light amoimt distribution 
in the longitudinal direction of the linear light emitter is easily made 
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uniform. 

The width of the light reflecting groove is not particularly limited, 
but it is preferable that the width is 2 mm to 8 mm and that the depth 
of the groove is 0.1 mm to 5 mm. 

In this case, in a case in which the light source such as an LED or 
the like is disposed at one side, it is preferable that the light reflecting 
groove width becomes broader and the groove depth becomes deeper 
the further away from the light source. Moreover, in a case in which 
light sources such as LEDs or the like are disposed at both ends, it is 
preferable that the light reflecting groove width becomes broader and 
the groove depth becomes deeper the further toward the central 
portion of the linear light emitter. 

Moreover, the groove interval differs in accordance with 
conditions such as the position of the groove from the light source, the 
strength of the light source, whether the light source is provided at 
one end or both ends, the length of the tratnslucent rod-shaped body, 
and the like. However, usually, it is preferable that the groove interval 
is 0.2 mm to 4 mm. 

The light reflecting grooves can be prepared by electrical 
discharge machining or the like convex portions corresponding to the 
light reflecting grooves in the surface of a molding mold, and can be 
formed at the time of extrusion molding the translucent rod-shaped 
body. Further, they can also be formed by direct grinding. 

At the linear light emitter which is structured in this way, the 
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light from the light source entering in from the left end surface of the 
translucent rod-shaped body is scattered by the light reflecting 
grooves such that the loss from the side peripheral surface of the linear 
light emitter is low, and the light is side-surface-radiated efficiently. 
The intensity of the reflected light from the light reflecting grooves in 
the direction opposing the light reflecting grooves can achieve a high 
intensity of 500 cd/ m^ or more, and preferably 600 cd/ m^ or more, 
and more preferably 800 cd/ m^ or more. 

Note that, because the translucent rod-shaped body material and 
the clad material are similar to those in the above-described first 
aspect, description thereof is omitted. 
<Linear Light Emitter Relating to Third Aspect> 

The linear light emitter relating to the third aspect of the present 
invention has at least a translucent rod-shaped body which has a light 
incident portion at least at one end and at which a light reflecting 
groove, which has a light reflecting surface facing the light incident 
portion, is formed on a peripheral side surface running along an cixial 
direction, and the light reflecting groove has groove walls at both ends 
of the light reflecting surface. 

FIG. 1 is a schematic sectional view showing an example of the 
linear light emitter. This linear light emitter 10 has the translucent 
rod-shaped body 1, the reflective body 7 provided at one longitudinal 
direction end of the translucent rod-shaped body 1, and the light 
source 12 such as an LED or the like disposed at the other end so as to 
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face the reflective body 7. Note that 15 is the housing. 

In this linear light emitter 10, the light source 12 (light emitter) is 
provided at only one end of the translucent rod-shaped body 1. In this 
case, it is preferable to provide the reflective body 7 at the other end 
surface. Note that, in the present invention, light soiurces can be 
provided at both ends of the translucent rod-shaped body 1. 

In cross-section in a direction orthogonal to the axial direction of 
the translucent rod-shaped body 1, the configuration at the side (the 
lens portion) opposing a light reflecting groove side can be 
appropriately selected in accordance with the application, the purpose 
and the like of the linear light emitter, but is preferably either of a 
portion of a perfect circle or a portion of an oval. 

The translucent rod-shaped body 1 is not particularly limited, and 
can be appropriately selected in accordance with the object. However, 
as shown in FIG. 4, it preferably has the translucent rod-shaped body 1 
having a light incident portion at least at one end thereof, and the 
translucent clad 3 which has a lower refractive index than the 
translucent rod-shaped body 1 and which covers the translucent 
rod-shaped body. 

A large number of light reflecting grooves 8, which reflect 
incident light from the light incident portion, are provided at the outer 
peripheral surface of the translucent rod-shaped body 1 so as to be 
spaced apart at predetermined intervals. The light reflecting grooves 8 
are provided so as to pass through the clad 3 so as to reach the 
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translucent rod-shaped body 1. 

As shown in FIGs. 5 A and 5B, the light reflecting groove 8 of the 
linear light emitter is a structure in which the light reflecting groove 
has, at both ends, groove walls 8b, 8b intersecting a groove floor 8a 
(namely, the both ends of the light reflecting groove are stopped). 
Further, the groove floor 8a extends substantially in the normal line 
direction with respect to the axial direction of the translucent 
rod-shaped body, and the groove walls 8b, 8b are preferably 
positioned substantially in the normal line direction with respect to 
the groove floor 8a. 

Further, as shown in FIGs. 6A and 6B, both ends of the groove 
may be inverted cone shapes, and the groove walls 8b, 8b may move 
away from the substantially normal line direction with respect to the 
groove floor 8a. 

In this way, due to the light reflecting groove having, at both ends, 
the groove walls which intersect the groove floor, the groove width of 
the light reflecting groove 8 can be adjusted to be short. Optimization 
of both the exiting angle distribution in the peripheral direction and 
the exiting angle distribution in the axial direction is aimed for. 

As shown in FIG. 7, at the light reflecting groove 8 of the linear 
light emitter, the angle 0 (°) formed by the axis orthogonal to the axial 
direction of the linear light emitter and a light reflecting surface 8c at 
the light reflecting groove is preferably 30 < 9 < 60, cind more 
preferably 40 < 0 < 60, and even more preferably 45 < 0 < 55. 
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When the angle 0 is too small, the distribution of the exiting light 
is offset toward the light source side. On the other hand, when the 
angle 0 is too large, the distribution of the exiting light is offset toward 
the other end side of the light source. In either case, the directivity is 
low, the intensity is low, and there are cases in which the object of the 
present invention cannot be achieved. 

The cross-sectional configuration of the light reflecting groove 8 is 
preferably V-shaped or inverted cone-shaped, but does not necessarily 
have to be a shape having left-right symmetry in the normal line 
direction. It is preferable that the cross-sectional configuration be 
appropriately adjusted in accordance with the distance from the light 
incident portion, the number of light sources which are disposed, and 
the like. 

Namely, in a case in which the light source is provided at one end 
of the translucent rod-shaped body, it is preferable that the angle 0 (") 
becomes gradually larger as the distance from the light incident 
portion becomes longer (the light reflecting surface of the light 
reflecting groove inclines more the more the distance from the light 
source increases). In this way, the emitted light amount distribution in 
the longitudinal direction of the linear light emitter is made uniform. 

Accordingly, if the cross-sectional configuration of the light 
reflecting groove is a left-right symmetrical configuration in the 
normal line direction, the vertical angle of the light reflecting groove is 
2 times the angle 0. However, in the present invention, as described 
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above, cases in which the angle 0, which is formed by the normal line 
of the light reflecting surface of each light reflecting groove, differs are 
also included. Therefore, the vertical angle of the light reflecting 
groove is preferably 60^ to 120"^, and in particular, a range of 90"" to 
110'' is preferable. 

Moreover, in a case in which light sources are provided at both 
ends of the translucent rod-shaped body, it is preferable that the light 
reflecting surface of the light reflecting groove inclines more the closer 
to the central portion of the translucent rod-shaped body. In this way, 
the emitted light amount distribution in the longitudinal direction of 
the linear light emitter is made uniform. 

Usually, as shown in FIGs. 8A and 8B, the light reflecting groove 
8 is formed so as to come to the position of the line normal to the axial 
direction of the translucent rod-shaped body 1. However, as shown in 
FIGs. 9A and 9B, the light reflecting groove can be formed at 
somewhat of an angle from the line normal to the axial direction of the 
translucent rod-shaped body 1, Note that, although not illustrated, the 
light reflecting groove 8 may have an angle in the opposite direction of 
that in FIGs. 9A and 9B. 

In the present invention, as shown in FIG. 10, in a case in which 
the light source 12 such as an LED or the like is disposed at one side, it 
is preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further away from the light source 12. In 
this way, the emitted light amoimt distribution in the longitudinal 
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direction of the linear light emitter is easily made uniform. 

Further, as shown in FIG. 11, in a case in which the light sources 
12, 12 such as LEDs or the like are disposed at both ends, it is 
preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further toward the central portion of the 
linear light emitter. In this way, the emitted light amount distribution 
in the longitudinal direction of the linear light emitter is easily made 
uniform. 

The width of the light reflecting groove is not particularly limited, 
but it is preferable that the width is 2 mm to 8 mm and that the depth 
of the groove is 0.1 mm to 5 mm. 

In this case, in a case in which the light source such as an LED or 
the like is disposed at one side, it is preferable that the light reflecting 
groove width becomes broader and the groove depth becomes deeper 
the further away from the light source. Moreover, in a case in which 
light sources such as LEDs or the like are disposed at both ends, it is 
preferable that the light reflecting groove width becomes broader and 
the groove depth becomes deeper the further toward the central 
portion of the linear light emitter. 

Moreover, the groove interval differs in accordance with 
conditions such as the position of the groove from the light source, the 
strength of the light source, whether the light source is provided at 
one end or both ends, the length of the translucent rod-shaped body, 
and the like. However, usually, it is preferable that the groove interval 
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is 0.2 mm to 4 mm. 

The light reflecting grooves can be prepared by electrical 
discharge machining or the like convex portions corresponding to the 
light reflecting grooves in the surface of a molding mold, and can be 
formed at the time of extrusion molding the translucent rod-shaped 
body. Further, they can also be formed by direct grinding. 

At the linear light emitter which is structured in this way, the 
light entering in from the left end surface of the translucent 
rod-shaped body is scattered by the light reflecting grooves, which are 
stopped at both ends, such that the loss from the side peripheral 
surface of the linear light emitter is low, and the light is 
side-surface-radiated efficiently. The intensity of the reflected light 
from the light reflecting grooves in the direction opposing the light 
reflecting grooves can achieve a high intensity of 500 cd/m^ or more, 
and preferably 600 cd/m^ or more, and more preferably 800 cd/m^ or 
more. 

Note that, because the translucent rod-shaped body material and 
the clad material are similar to those in the above-described first 
aspect, description thereof is omitted. 
<Linear Light Emitter Relating to Fourth Aspect> 

The linear light emitter relating to the fourth aspect of the present 
invention has at least a translucent rod-shaped body which has a light 
incident portion at least at one end and at which a light reflecting 
groove, which has a light reflecting surface facing the light incident 
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portion, is formed on a peripheral side surface running along an axial 
direction, and a surface roughness (Ra) of the light reflecting surface at 
the light reflecting groove is 0.5 ^im or less, 

FIG. 1 is a schematic sectional view showing an example of the 
linear light emitter. This lineetr light emitter 10 has the translucent 
rod-shaped body 1, the reflective body 7 provided at one longitudinal 
direction end of the translucent rod-shaped body 1, and the light 
source 12 such as an LED or the like disposed at the other end so as to 
face the reflective body 7. Note that 15 is the housing. 

In this linear light emitter 10, the light source 12 (light emitter) is 
provided at only one end of the translucent rod-shaped body 1. In this 
case, it is preferable to provide the reflective body 7 at the other end 
surface. Note that, in the present invention, light sources can be 
provided at both ends of the translucent rod-shaped body 1. 

In cross-section in a direction orthogonal to the axial direction of 
the translucent rod-shaped body 1, the configuration at the side (the 
lens portion) opposing a light reflecting groove side can be 
appropriately selected in accordance with the application, the purpose 
and the like of the linear light emitter, but is preferably either of a 
portion of a perfect circle or a portion of an oval. 

The translucent rod-shaped body 1 is not particularly limited, and 
can be appropriately selected in accordance with the object. However, 
as shown in FIG. 4, it preferably has the translucent rod-shaped body 1 
having a light incident portion at least at one end thereof, and the 
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translucent clad 3 which has a lower refractive index than the 
translucent rod-shaped body 1 and which covers the translucent 
rod-shaped body. 

The diameter of the translucent rod-shaped body 1 is not 
particularly limited, and is usually about 2 mm to 30 mm, and in 
particular, about 5 mm to 15 mm is preferable. Moreover, the thickness 
of the translucent clad 3 is usually 0.05 mm to 4 mm, and in particular, 
about 0.2 mm to 2 mm is preferable. 

A large number of the light reflecting grooves 8, which reflect 
incident light from the light incident portion, are provided at the outer 
peripheral surface of the translucent rod-shaped body 1 so as to be 
spaced apart at predetermined intervals. The light reflecting grooves 8 
are provided so as to pass through the clad 3 so as to reach the 
translucent rod-shaped body 1. 

As shown in FIGs. 5A and 5B, the light reflecting groove 8 of the 
linear light emitter is a structure in which the light reflecting groove 
has, at both ends, the groove walls 8b, 8b intersecting the groove floor 
8a (namely, the both ends of the light reflecting groove are stopped). 
Further, the groove floor 8a extends substantially in the normal line 
direction with respect to the axial direction of the translucent 
rod-shaped body, and the groove walls 8b, 8b are preferably 
positioned substantially in the normal line direction with respect to 
the groove floor 8a. 

Further, as shown in FIGs. 6A and 6B, both ends of the groove 
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may be inverted cone shapes, and the groove walls 8b, 8b may move 
away from the substantially normal line direction with respect to the 
groove floor 8a, 

In this way, due to the light reflecting groove having, at both ends, 
the groove walls which intersect the groove floor, the groove width of 
the light reflecting groove 8 can be adjusted to be short. Optimization 
the exiting angle distribution in the peripheral direction is aimed for. 

As shown in FIG. 7, at the light reflecting groove 8 of the linear 
light emitter, the emgle Q (°) formed by the axis orthogonal to the axial 
direction of the translucent rod-shaped body 1 and the light reflecting 
surface 8c at the light reflecting groove is preferably 30 < 0 :^ 60, and 
more preferably 40 ^ 0 ^ 60, and even more preferably 45 ^ 0 ^ 55. 

When the angle 6 is too small, the distribution of the exiting light 
is offset toward the light source side. On the other hand, when the 
angle 0 is too large, the distribution of the exiting light is offset toward 
the other end side of the light source. In either case, the directivity is 
low, the intensity is low, and there are cases in which the object of the 
present invention cannot be achieved. 

The cross-sectional configuration of the light reflecting groove 8 is 
preferably V-shaped or inverted cone-shaped, but does not necessarily 
have to be a shape having left-right symmetry in the normal line 
direction. It is preferable that the cross-sectional configuration be 
appropriately adjusted in accordance with the distance from the light 
incident portion, the number of light sources which are disposed, and 
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the like. 

Namely, in a case in which the light source is provided at one end 
of the translucent rod-shaped body, it is preferable that the angle G (^) 
becomes gradually larger as the distance from the light incident 
portion becomes longer (the light reflecting surface of the light 
reflecting groove inclines more the more the distance from the light 
source increases). In this way, the emitted light amount distribution in 
the longitudinal direction of the linear light emitter is made imiform. 

Accordingly, if the cross-sectional configuration of the light 
reflecting groove is a left-right symmetrical configuration in the 
normal line direction, the vertical angle of the light reflecting groove is 
2 times the angle 0, However, in the present invention, as described 
above, cases in which the angle 0, which is formed by the normal line 
of the light reflecting surface of each light reflecting groove, differs are 
also included. Therefore, the vertical angle of the light reflecting 
groove is preferably 60*" to 120**, and in particular, a range of 90° to 
110° is preferable. 

Moreover, in a case in which light sources are provided at both 
ends of the translucent rod-shaped body, it is preferable that the light 
reflecting surface of the light reflecting groove inclines more the closer 
to the central portion of the translucent rod-shaped body. In this way, 
the emitted light amount distribution in the longitudinal direction of 
the linear light emitter is made uniform. 

Usually, as shown in FIGs. 8A and 8B, the light reflecting groove 
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8 is formed so as to come to the position of the line normal to the axial 
direction of the translucent rod-shaped body 1. However, as shown in 
FIGs. 9A and 9B, the light reflecting groove can be formed at 
somewhat of an angle from the line normal to the axial direction of the 
translucent rod-shaped body 1. Note that, although not illustrated, the 
light reflecting groove 8 may have an angle in the opposite direction of 
that in FIGs. 9A and 9B. 

In the present invention, as shown in FIG. 10, in a case in which 
the light source 12 such as an LED or the like is disposed at one side, it 
is preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further away from the light source 12. In 
this way, the emitted light amount distribution in the longitudinal 
direction of the linear light emitter is easily made uniform. 

Further, as shown in FIG. 11, in a case in which the light sources 
12, 12 such as LEDs or the like are disposed at both ends, it is 
preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further toward the central portion of the 
linear light emitter. In this way, the emitted light amount distribution 
in the longitudinal direction of the linear light emitter is easily made 
uniform. 

The width of the light reflecting groove is not particularly limited, 
but it is preferable that the width is 2 mm to 8 mm and that the depth 
of the groove is 0.1 mm to 5 mm. 

In this case, in a case in which the light source such as an LED or 
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the like is disposed at one side, it is preferable that the light reflecting 
groove width becomes broader and the groove depth becomes deeper 
the further away from the light source. Moreover, in a case in which 
light sources such as LEDs or the like are disposed at both ends, it is 
preferable that the light reflecting groove width becomes broader and 
the groove depth becomes deeper the further toward the central 
portion of the linear light emitter. 

Moreover, the groove interval differs in accordance with 
conditions such as the position of the groove from the light source, the 
strength of the light source, whether the light source is provided at 
one end or both ends, the length of the translucent rod-shaped body, 
and the like. However, usually, it is preferable that the groove interval 
is 0.2 mm to 4 mm. 

The light reflecting grooves can be prepared by electrical 
discharge machining or the like convex portions corresponding to the 
light reflecting grooves in the surface of a molding mold, and can be 
formed at the time of extrusion molding the translucent rod-shaped 
body. Further, they can also be formed by direct grinding. 

In the present invention, the surface roughness (Ra) of the light 
reflecting surface at the light reflecting groove is 0.5 iim or less, and in 
particular, it is preferable that the surface roughness (Ra) is 0.3 |xm or 
less. In this case, the lower limit value is not particularly limited, but is 
preferably 0.01 ^m or more. 

When the surface roughness (Ra) of the light reflecting surface at 
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the light reflecting groove exceeds 0.5 jim, there is too much scattering 
in the lengthwise (or axial) direction of the rod, and the object and 
operational effects of the present invention cannot be achieved. 

Note that the surface roughness (Ra) is measured in accordance 
withJIS B0601. 

The method for achieving surface roughness of the light reflecting 
surface such as that described above can be achieved by carrying out 
polishing on the light reflecting groove. The method of polishing is not 
particularly limited, and the light reflecting groove can be finished to a 
desired surface roughness by sandpaper, a polishing material, or the 
like. 

At the linear light emitter which is structured in this way, the 
light entering in from the left end surface of the translucent 
rod-shaped body is scattered by the light reflecting groove at which 
the surface roughness (Ra) of the light reflecting surface is 0.5 |im or 
less. The loss from the side peripheral surface of the linear light 
emitter is low, and the light is side-surface-radiated efficiently. The 
intensity of the reflected light from the light reflecting groove in the 
direction opposing the light reflecting groove can achieve a high 
intensity of 500 cd/ m^ or more, and preferably 600 cd/ m^ or more, 
and more preferably 800 cd/ m^ or more. 

Note that, because the translucent rod-shaped body material and 
the clad material are similar to those in the above-described first 
aspect, description thereof is omitted. 
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<Linear Light Emitter Relating to Fifth Aspect> 

The linear light emitter relating to the fifth aspect of the present 
invention has at least a translucent rod-shaped body which has a light 
incident portion at least at one end and at which a light reflecting 
groove, which has a light reflecting surface facing the light incident 
portion, is formed on a peripheral side surface running along an axial 
direction, and a light reflecting film is formed at the light reflecting 
groove of the translucent rod-shaped body and at a land portion other 
than the light reflecting groove, or a light reflecting film is formed at 
the light reflecting surface of the light reflecting groove or at the light 
reflecting surface after polishing. 

FIG. 1 is a schematic sectional view showing an example of the 
linear light emitter. This linear light emitter 10 has the translucent 
rod-shaped body 1, the reflective body 7 provided at one longitudinal 
direction end of the translucent rod-shaped body 1, and the light 
source 12 such as an LED or the like disposed at the other end so as to 
face the reflective body 7. Note that 15 is the housing. 

In this linear light emitter 10, the light source 12 (light emitter) is 
provided at only one end of the translucent rod-shaped body 1. In this 
case, it is preferable to provide the reflective body 7 at the other end 
surface. Note that, in the present invention, light sources can be 
provided at both ends of the translucent rod-shaped body 1. 

In cross-section in a direction orthogonal to the axial direction of 
the translucent rod-shaped body 1, the configuration at the side (the 
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lens portion) opposing a light reflecting groove side can be 
appropriately selected in accordance with the application, the purpose 
and the like of the linear light emitter, but is preferably either of a 
portion of a perfect circle or a portion of an oval. 

The translucent rod-shaped body 1 is not particularly limited, and 
can be variously selected in accordance with the object. However, as 
shown in FIG. 4, it preferably has the translucent rod-shaped body 1 
having a light incident portion at least at one end thereof, and the 
translucent clad 3 which has a lower refractive index than the 
translucent rod-shaped body 1 and which covers the translucent 
rod-shaped body. 

The diameter of the translucent rod-shaped body 1 is not 
particularly limited, and is usually about 2 mm to 30 mm, and in 
particular, about 5 mm to 15 mm is preferable. Moreover, the thickness 
of the translucent clad 3 is usually 0.05 mm to 4 mm, and in particular, 
about 0.2 mm to 2 mm is preferable. 

A large number of the light reflecting grooves 8, which reflect 
incident light from the light incident portion, are provided at the outer 
peripheral surface of the translucent rod-shaped body 1 so as to be 
spaced apart at predetermined intervals. The light reflecting grooves 8 
are provided so as to pass through the clad 3 so as to reach the 
translucent rod-shaped body 1. 

As shown in FIGs. 5A and 5B, the light reflecting groove 8 of the 
linear light emitter is a structure in which the light reflecting groove 
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has, at both ends, the groove walls 8b, 8b intersecting the groove floor 
8a (namely, the both ends of the light reflecting groove are stopped). 
Further, the groove floor 8a extends substantially in the normal line 
direction with respect to the axial direction of the translucent 
rod-shaped body, and the groove walls 8b, 8b are preferably 
positioned substantially in the normal line direction with respect to 
the groove floor 8a. 

Further, as shown in FIGs. 6 A and 6B, both ends of the groove 
may be inverted cone shapes, and the groove walls 8b, 8b may move 
away from the substantially normal line direction with respect to the 
groove floor 8a. 

In this way, due to the light reflecting groove having, at both ends, 
the groove walls which intersect the groove floor, the groove width of 
the light reflecting groove 8 can be adjusted to be short. Optimization 
the exiting angle distribution in the peripheral direction is aimed for. 

As shown in FIG. 7, at the light reflecting groove 8 of the linear 
light emitter, the angle Q (^) formed by the axis orthogonal to the axial 
direction of the translucent rod-shaped body 1 and the light reflecting 
surface 8c at the light reflecting groove is preferably 30 < 0 < 60, and 
more preferably 40 < 0 < 60, and even more preferably 45 ^ 0 ^ 55. 

When the angle 6 is too small, the distribution of the exiting light 
is offset toward the light source side. On the other hand, when the 
angle 0 is too large, the distribution of the exiting light is offset toward 
the other end side of the light source. In either case, the directivity is 
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low, the intensity is low, and there are cases in which the object of the 
present invention cannot be achieved. 

The cross-sectional configuration of the light reflecting groove is 
preferably V-shaped or inverted cone-shaped, but does not necessarily 
have to be a shape having left-right symmetry in the normal line 
direction. It is preferable that the cross-sectional configuration be 
appropriately adjusted in accordance with the distance from the light 
incident portion, the number of light sources which are disposed, and 
the like. 

Namely, in a case in which the light source is provided at one end 
of the translucent rod-shaped body, it is preferable that the angle 0 
becomes gradually larger as the distance from the light incident 
portion becomes longer (the light reflecting surface of the light 
reflecting groove inclines more the more the distance from the light 
source increases). In this way, the emitted light amount distribution in 
the longitudinal direction of the linear light emitter is made uniform. 

Accordingly, if the cross-sectional configuration of the light 
reflecting groove is a left-right symmetrical configuration in the 
normal line direction, the vertical angle of the light reflecting groove is 
2 times the angle 9. However, in the present invention, as described 
above, cases in which the angle, which is formed by the normal line of 
the light reflecting surface of each light reflecting groove, differs are 
also included. Therefore, the vertical angle of the light reflecting 
groove is preferably 60"^ to 120^, and in particular, a range of 90° to 
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110° is preferable. 

Moreover, in a case in which light sources are provided at both 
ends of the translucent rod-shaped body, it is preferable that the light 
reflecting surface of the light reflecting groove inclines more the closer 
to the central portion of the translucent rod-shaped body. In this way, 
the emitted light amount distribution in the longitudinal direction of 
the linear light emitter is made uniform. 

Usually, as shown in FIGs. 8A and 8B, the light reflecting groove 
8 is formed so as to come to the position of the line normal to the axial 
direction of the translucent rod-shaped body 1. However, as shown in 
FIGs. 9A and 9B, the light reflecting groove can be formed at 
somewhat of an angle from the line normal to the axial direction of the 
translucent rod-shaped body 1. Note that, although not illustrated, the 
light reflecting groove 8 may have an angle in the opposite direction of 
that in FIGs, 9A and 9B. 

In the present invention, as shown in FIG. 10, in a case in which 
the light source 12 such as an LED or the like is disposed at one side, it 
is preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further away from the light source 12. In 
this way, the emitted light amoimt distribution in the longitudinal 
direction of the linear light emitter is easily made imiform. 

Further, as shown in FIG. 11, in a case in which the light sources 
12, 12 such as LEDs or the like are disposed at both ends, it is 
preferable that the density at which the light reflecting grooves 8 are 
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disposed becomes greater the further toward the central portion of the 
linear light emitter. In this way, the emitted light amount distribution 
in the longitudinal direction of the linear light emitter is easily made 
uniform. 

The width of the light reflecting groove is not particularly limited, 
but it is preferable that the width is 2 mm to 8 mm and that the depth 
of the groove is 0.1 mm to 5 mm. 

In this case, in a case in which the light source such as an LED or 
the like is disposed at one side, it is preferable that the light reflecting 
groove width becomes broader and the groove depth becomes deeper 
the further away from the light source. Moreover, in a case in which 
light sources such as LEDs or the like are disposed at both ends, it is 
preferable that the light reflecting groove width becomes broader and 
the groove depth becomes deeper the further toward the central 
portion of the linear light emitter. 

Moreover, the groove interval differs in accordance with 
conditions such as the position of the groove from the light source, the 
strength of the light source, whether the light source is provided at 
one end or both ends, the length of the translucent rod-shaped body, 
and the like. However, usually, it is preferable that the groove interval 
is 0.2 mm to 4 mm. 

The light reflecting grooves can be prepared by electrical 
discharge machining or the like convex portions corresponding to the 
light reflecting grooves in the surface of a molding mold, and can be 
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formed at the time of injection molding or extrusion molding the 
translucent rod-shaped body. Further, they can also be formed by 
direct grinding. 

The light reflecting surface of the light reflecting groove is 
polished so as to approach a mirror finished surface. 

In this case, the surface roughness (Ra) after polishing of the light 
reflecting surface at the light reflecting groove is 1.0 jxm or less, and in 
particular, 0.5 |im or less is preferable. In this case/the lower limit 
value is not particularly limited, but is preferably 0.01 ^m or more. 

Note that the surface roughness (Ra) is measured in accordance 
withJIS B0601. 

The method for achieving surface roughness of the light reflecting 
surface such as that described above can be achieved by carrying out 
polishing on the light reflecting groove. The method of polishing is not 
particularly limited, and the light reflecting groove can be finished to a 
desired surface roughness by sandpaper, a polishing material, or the 
like. 

In the present invention, a light reflecting film is formed on the 
light reflecting surface after polishing as described above, or on the 
light reflecting surface which has not been subjected to polishing 
processing. Note that the light reflecting film may be formed not only 
on the light reflecting surfaces of the light reflecting grooves but on the 
entire light reflecting grooves, or may be formed on the light reflecting 
grooves and the land portions other than the light reflecting grooves. 
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In this case, forming the light reflecting film at the light reflecting 
surface which has been subjected to polishing processing is preferable 
from the standpoint of preventing scattering in the rod lengthwise 
direction. 

The light reflecting film is not particularly limited. For example, 
metal films selected from silver, nickel, chromium, iron, titanium, gold, 
aluminum, and alloys thereof are preferable. Thereamong, silver and 
aluminum are preferable. 

The metal film is not particularly limited, and may be formed by 
a method such as deposition, coating of a reflective coating material, 
adhesion of a metal foil, or the like. 

In forming the metal film, it is desirable to subject the light 
reflecting surface in advance to primer processing, adhesion 
processing by an adhesive, chemical processing, or oxidizing 
processing. 

Note that the thickness of the metal film is not particularly 
limited, and usually, it is preferable that the thickness is 0.1 |im to 30 
[im. 

Further, as will be described later, the light reflecting film (metal 
film) can be formed, by an in-mold molding method, on the surface of 
the light reflecting groove simultaneously with the molding of the of 
the tramslucent rod-shaped body. 

At the linear light emitter which is structured in this way, the 
light entering in from the left end surface of the translucent 
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rod-shaped body is scattered by the light reflecting groove at which 
the light reflecting film is formed on the light reflecting surface. The 
loss from the side peripheral surface of the linear light emitter is low, 
and the light is side-surface-radiated efficiently. The intensity of the 
reflected light from the light reflecting groove in the direction 
opposing the light reflecting groove can achieve a high intensity of 500 
cd/m^ or more, and preferably 600 cd/ m^ or more, and more 
preferably 800 cd/ m^ or more- 
Note that, because the translucent rod-shaped body material and 
the clad material are similar to those in the above-described first 
aspect, description thereof is omitted. 
<Linear Light Emitter Relating to Sixth Aspect> 

The linear light emitter relating to the sixth aspect of the present 
invention has at least a translucent rod-shaped body which has a light 
incident portion at least at one end and at which a light reflecting 
groove, which has a light reflecting surface facing the light incident 
portion, is formed on a peripheral side surface running along an axial 
direction, and a material having a refractive index higher than a 
refractive index of the translucent rod-shaped body is coated on the 
light reflecting surface at the light reflecting groove. 

FIG. 1 is a schematic sectional view showing an example of the 
linear light emitter. This linear light emitter 10 has the translucent 
rod-shaped body 1, the reflective body 7 provided at one longitudinal 
direction end of the translucent rod-shaped body 1, and the light 



53 



source 12 such as an LED or the like disposed at the other end so as to 
face the reflective body 7. Note that 15 is the housing. 

In this linear light emitter 10, the light source 12 (light emitter) is 
provided at only one end of the translucent rod-shaped body 1. In this 
case, it is preferable to provide the reflective body 7 at the other end 
surface. Note that, in the present invention, light sources can be 
provided at both ends of the translucent rod-shaped body 1. 

In cross-section in a direction orthogonal to the axial direction of 
the translucent rod-shaped body 1, the configuration at the side (the 
lens portion) opposing a light reflecting groove side can be 
appropriately selected in accordance with the application, the purpose 
and the like of the linear light emitter, but is preferably either of a 
portion of a perfect circle or a portion of an oval. 

The translucent rod-shaped body 1 is not particularly limited, and 
can be variously selected in accordance with the object. However, as 
shown in FIG. 4, it preferably has the translucent rod-shaped body 1 
having a light incident portion at least at one end thereof, and the 
translucent clad 3 which has a lower refractive index than the 
translucent rod-shaped body 1 and which covers the translucent 
rod-shaped body. 

The diameter of the translucent rod-shaped body 1 is not 
particularly limited, and is usually about 2 mm to 30 mm, and in 
particular, about 5 mm to 15 mm is preferable. Moreover, the thickness 
of the translucent clad 3 is usually 0.05 mm to 4 mm, and in particular. 
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about 0.2 mm to 2 mm is preferable. 

A large number of the light reflecting grooves 8, which reflect 
incident light from the light incident portion, are provided at the outer 
peripheral surface of the translucent rod-shaped body 1 so as to be 
spaced apart at predetermined intervals. The light reflecting grooves 8 
are provided so as to pass through the clad 3 so as to reach the 
translucent rod-shaped body 1. 

As shown in FIGs. 5A and 5B, the light reflecting groove 8 of the 
linear light emitter is a structure in which the light reflecting groove 
has, at both ends, the groove walls 8b, 8b intersecting the groove floor 
8a (namely, the both ends of the light reflecting groove are stopped). 
Further, the groove floor 8a extends substantially in the normal line 
direction with respect to the axial direction of the translucent 
rod-shaped body, and the groove walls 8b, 8b are preferably 
positioned substantially in the normal line direction with respect to 
the groove floor 8a. 

Further, as shown in FIGs. 6A and 6B, both ends of the groove 
may be inverted cone shapes, and the groove walls 8b, 8b may move 
away from the substantially normal line direction with respect to the 
groove floor 8a. 

In this way, due to the light reflecting groove having, at both ends, 
the groove walls which intersect the groove floor, the groove width of 
the light reflecting groove 8 can be adjusted to be short. Optimization 
the exiting angle distribution in the peripheral direction is aimed for. 
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As shown in FIG. 7, at the light reflecting groove 8 of the linear 
light eniitter, the angle 0 (°) formed by the axis orthogonal to the axial 
direction of the linear light emitter and the light incident surface 8c at 
the light reflecting groove is preferably 30 < 0 < 60, and more 
preferably 40 < 0 ^ 60, and even more preferably 45 ^ 0 ^ 55. 

When the angle 0 is too small, the distribution of the exiting light 
is offset toward the light source side. On the other hand, when the 
angle 0 is too large, the distribution of the exiting light is offset toward 
the other end side of the light source. In either case, the directivity is 
low, the intensity is low, and there are cases in which the object of the 
present invention cannot be achieved. 

The cross-sectional configuration of the light reflecting groove is 
preferably V-shaped or inverted cone-shaped, but does not necessarily 
have to be a shape having left-right symmetry in the normal line 
direction. It is preferable that the cross-sectional configuration be 
appropriately adjusted in accordance with the distance from the light 
incident portion, the number of light sources which are disposed, and 
the like. 

Namely, in a case in which the light source is provided at one end 
of the translucent rod-shaped body, it is preferable that the angle 6 {^) 
becomes gradually larger as the distance from the light incident 
portion becomes longer (the light incident surface of the light 
reflecting groove inclines more the more the distance from the light 
source increases). In this way, the emitted light amount distribution in 
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the longitudinal direction of the linear light emitter is made imif orm. 

Accordingly, if the cross-sectional configuration of the light 
reflecting groove is a left-right symmetrical configuration in the 
normal line direction, the vertical angle of the light reflecting groove is 
2 times the angle 0. However, in the present invention, as described 
above, cases in which the angle, which is formed by the normal line of 
the light reflecting surface of each light reflecting groove, differs are 
also included. Therefore, the vertical angle of the light reflecting 
groove is preferably 60° to 120°, and in particular, a range of 90° to 
110° is preferable. 

Moreover, in a case in which light sources are provided at both 
ends of the translucent rod-shaped body, it is preferable that the light 
incident surface of the light reflecting groove inclines more the closer 
to the central portion of the translucent rod-shaped body. In this way, 
the emitted light amoxmt distribution in the longitudinal direction of 
the linear light emitter is made imiform. 

Usually, as shown in FIGs. 8A and 8B, the light reflecting groove 
8 is formed so as to come to the position of the line normal to the axial 
direction of the translucent rod-shaped body 1. However, as shown in 
FIGs. 9A and 9B, the light reflecting groove can be formed at 
somewhat of an angle from the line normal to the axial direction of the 
translucent rod-shaped body 1. Note that, although not illustrated, the 
light reflecting groove 8 may have an angle in the opposite direction of 
that in FIGs. 9A and 9B. 
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In the present invention, as shown in FIG. 10, in a case in which 
the light source 12 such as an LED or the like is disposed at one side, it 
is preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further away from the light source 12. In 
this way, the emitted light amount distribution in the longitudinal 
direction of the linear light emitter is easily made uniform. 

Further, as shown in FIG. 11, in a case in which the light sources 
12, 12 such as LEDs or the like are disposed at both ends, it is 
preferable that the density at which the light reflecting grooves 8 are 
disposed becomes greater the further toward the central portion of the 
linear light emitter. In this way, the emitted light amount distribution 
in the longitudinal direction of the lineair light emitter is easily made 
uniform. 

The width of the light reflecting groove is not particularly limited, 
but it is preferable that the width is 2 mm to 8 mm and that the depth 
of the groove is 0.1 mm to 5 mm. 

In this case, in a case in which the light source such as an LED or 
the like is disposed at one side, it is preferable that the light reflecting 
groove width becomes broader and the groove depth becomes deeper 
the further away from the light source. Moreover, in a case in which 
light sources such as LEDs or the like are disposed at both ends, it is 
preferable that the light reflecting groove width becomes broader and 
the groove depth becomes deeper the further toward the central 
portion of the linear light emitter. 
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Moreover, the groove interval differs in accordance with 
conditions such as the position of the groove from the light source, the 
strength of the light source, whether the light source is provided at 
one end or both ends, the length of the translucent rod-shaped body, 
and the like. However, usually, it is preferable that the groove interval 
is 0.2 mm to 4 mm. 

The light reflecting grooves can be prepared by electrical 
discharge machining or the like convex portions corresponding to the 
light reflecting grooves in the surface of a molding mold, and can be 
formed at the time of extrusion molding the translucent rod-shaped 
body. Further, they can also be formed by direct grinding. 

As shown in FIGs. 12A and 12B, the difference in refractive 
indices between a refractive index ni of the translucent rod-shaped 
body and a layer 11 of a material having a refractive index n2 which is 
higher than the refractive index ni of the translucent rod-shaped body 
is 0.05 or more, and in particular, 0.1 to 0.2 is preferable. Note that the 
high refraction material may be coated not only on the light reflecting 
surface 8c of the light reflecting groove, but also on the other surface 
8b as well. 

When the high refraction material is coated on the light reflecting 
surface 8c of the light reflecting groove in this way, the refractive 
index ni of the high refraction material 11 is large as compared with 
the refractive index ni of the core material. Thus, as shown in FIGs. 
12A and 12B, the critical angle of the incident light from the light 
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source can be made large, the leakage of light can be made small, and 
the loss can be made small. Note that, as shown in FIG. 12B, given that 
the refractive index of air or the clad is na, it is preferable that the 
refractive indices ni through na satisfy the relationship na « ni « n2. 

As the high refraction material, for example, at least one type 
selected from polystyrene (PS), polycarbonate (PC), tin-doped indium 
oxide (ITO), antimony-doped tin oxide (ATO), and aluminum-doped 
zinc oxide can be used. 

The method for coating the high refraction material is not 
particularly limited, and if the material is polystyrene (PS) or 
polycarbonate (PC) or the like, the coating can be carried out by a 
method of coating it as is or coating a solution in which it is dissolved 
in a solvent, or the like. Further, in the case of tin-doped indium oxide 
(ITO), antimony-doped tin oxide (ATO), aluminum-doped zinc oxide 
and the like, the coating can be carried out by deposition, a method of 
coating a substance in which particulates thereof are compounded in a 
transparent resin, or the like. 

Note that the coating of the high refraction material onto the light 
reflecting surface of the light reflecting groove is not particularly 
limited provided that it is a thickness which enables the incident light 
to be sufficiently refracted. Usually, it is 100 ^im or less, and in 
particular, about 5 ^m to 50 ^im. 

At the linear light emitter which is structured in this way, the 
light entering in from the left end surface of the translucent 
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rod-shaped body is scattered by the light reflecting grooves, at which 
the high refraction material is coated, such that the loss from the side 
peripheral surface of the linear light emitter is low, and the light is 
side-surface-radiated efficiently. The intensity of the reflected light 
from the light reflecting grooves in the direction opposing the light 
reflecting grooves can achieve a high intensity of 500 cd/m^ or more, 
and preferably 600 cd/ m^ or more, and more preferably 800 cd/m^ or 
more. 

Note that, because the translucent rod-shaped body material and 
the clad material are similar to those in the above-described first 
aspect, description thereof is omitted. 
<Method of Manufacturing Linear Light Emitter> 

The method of manufacturing the linear light emitters relating to 
the first aspect through the sixth aspect of the present invention is not 
particularly limited, and Ccin be appropriately enacted in accordance 
with the object. For example, the linear light emitter cein be 
manufactured by an extrusion molding method of introducing the 
translucent rod-shaped body material into an extruder, extruding the 
translucent rod-shaped body material into a molding mold having, at 
the interior thereof, a columnar cavity, and as needed, simultaneously 
extruding the clad material in the shape of a tube which covers the 
translucent rod-shaped body. 

In this case, in the linear light emitters relating to the first aspect 
through the sixth aspect, an interior of the translucent rod-shaped 
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body molding mold has a configuration corresponding to the light 
reflecting grooves. In this way, the light reflecting grooves are formed 
on the peripheral side surface running along the axial direction of the 
translucent rod-shaped body. Then, the linear light emitter can be 
manufactured by forming a metal film (a light reflecting film) by a 
method such as deposition, coating of a reflective coating material, 
adhesion of metal foil or the like, onto the light reflecting groove as is 
or after polishing. 

Further, as the method of manufacturing the linear light emitter 
relating to the above-described fifth aspect, a transfer film, in which a 
transferable light reflecting film layer is formed on a base film, is 
inserted into an injection molding mold for molding the translucent 
rod-shaped body, which has at the interior thereof a configuration 
corresponding to the translucent rod-shaped body, and 
simultaneously with the injection charging of the translucent 
rod-shaped body material, the light reflecting film of the transfer film 
is transferred to the translucent rod-shaped body (a so-called in-mold 
molding method). 

In this case, it suffices to form the light reflecting grooves or to 
not form the light reflecting grooves at the translucent rod-shaped 
body. In a case in which the light reflecting grooves are formed, the 
light reflecting film is formed at the light reflecting grooves and at the 
land portions other than the light reflecting grooves. On the other 
hand, in a case in which the light reflecting grooves are not formed. 
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only the light reflecting film is formed along the longitudinal direction 
of the outer peripheral surface of the translucent rod-shaped body. 

Further, as another method of manufacturing the linear light 
emitter relating to the above-described fifth aspect, due to a transfer 
film, in which a tremsf erable light reflecting film layer is formed on a 
base film, being inserted into an injection molding mold for molding 
the translucent rod-shaped body, which has at the interior thereof a 
configuration corresponding to the light reflecting grooves of the 
translucent rod-shaped body, and simultaneously with the injection 
charging of the translucent rod-shaped body material, the light 
reflecting film of the transfer film being transferred to the light 
reflecting grooves of the translucent rod-shaped body, the translucent 
rod-shaped body which has, at least at one end thereof, a light incident 
portion, and which has, on the peripheral side surface thereof running 
along the axial direction, light reflecting grooves at whose surfaces the 
light reflecting film is formed, is manufactured (the in-mold molding 
method). Note that, in accordance with this method, the light 
reflecting film is formed also at the land portions other than the light 
reflecting grooves. 

In this case, the base film is not particularly limited, and 
polyethylene terephthalate (PET) or the like is preferable. As the light 
reflecting film layer, metal films selected from silver, nickel, chromium, 
iron, titanium, gold, aluminum, and alloys thereof are preferable, and 
thereamong, silver and aluminum are more preferable. 
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Concretely, as shown as an example in FIGs. 13A through 13C, in 
an in-mold mold 20 structured by a movable mold 21 and a fixed mold 
22, a configuration (convex portions 25) for forming the light reflecting 
grooves on the peripheral side surface running along the axial 
direction of the translucent rod-shaped body, is provided at the 
movable mold 21. By joining the movable mold 21 with the fixed mold 
22, a columnar cavity for the molding of the translucent rod-shaped 
body is formed at the interior. Note that 23 is a transfer film, 24 is a 
light reflecting film layer, and 26 is a gate for injection which opens to 
the cavity. 

First, the transfer film 23 is positioned accurately by a transfer 
film feeding device which is not illustrated, and is inserted into the 
mold as shown in FIG. 13A. This transfer film 23 is deformed due to 
the mold being closed, and is covered by the convex portions 25 of the 
movable mold without any gap therebetween (see FIG. 13B). Then, 
due to a resin material being injected from the gate 26 of the fixed 
mold, due to the heat and pressure, the translucent rod-shaped body is 
molded simultaneously with the transfer of the light reflecting film to 
the light reflecting grooves and the land portions (see FIG. 13C). Then, 
by repeating the above-described processes, continuous mass 
production is carried out. 

In accordance with this method, simultaneously with the injection 
molding of the translucent rod-shaped body, the light reflecting film 
can be formed on the light reflecting grooves with high transfer 
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accuracy. Thus, a process for forming the light reflecting film can be 
eliminated, mass production is possible, and cost reduction is aimed 
for. 

By changing the color of the LED used as the light source, the 
linear light emitter of the present invention can be made to emit 
various colors, and multicolorization is possible. For example, when 
LEDs of the three colors of RGB are used, it is possible to switch the 
color among the seven colors of red (R), green (G), blue (B), white 
(R+G+B), yellow (R+G), violet (R+B), and cobalt blue (G+B). 

Further, in the linear light emitter of the present invention, as 
described above, the angle distribution of the exiting light in the 
peripheral direction is optimized, and light from the side peripheral 
surface can be radiated with high directivity and without loss. In 
addition, a linear light emitter having excellent stability, 
heat-resistance, weatherability, and cost performance can be realized. 
Therefore, the linear light emitter of the present invention can be 
broadly used as a substitute for neon tubes (e.g., game devices, 
pachinko, and the like), construction illumination parts (e.g., stairs, 
illumination for handrails, handrails for bathtubs, and the like), road 
materials (e.g., road signs, signboards, stop lines, road rivets, and the 
like), automobile parts (e.g., doors, steps, taillights, side mirrors, 
illumination inside and outside of the vehicle, and the like), toys and 
the like. Among these, the linear light emitter of the present invention 
is suitable for automobile parts. 
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Examples of usage applied to automobile parts are shown, for 
example, in FIGs. 14 through 26 which will be described hereinafter. 

FIGs. 14 and 15 aire a structure in which the linear light emitter 10, 
which includes the translucent rod-shaped body 1, is disposed at the 
side surface of a headlight 20 of an automobile. In accordance 
therewith, the linear light emitter 10 is capable of multicolor 
expression, and can also fimction as a winker by flashing on-and-off . 
Note that, in FIG. 15, 12 is the light source and 15 is the housing. 

FIGs. 16 and 17 are a structure in which the linear light emitter 10, 
which includes the translucent rod-shaped body 1, is disposed at the 
reverse side of a retractable side mirror 31 of an automobile. In 
accordance therewith, the linear light emitter 10 is capable of 
multicolor expression, and can also function as a winker by flashing 
on-and-off . Note that, in FIG. 17, 12 is the light source and 15 is the 
housing. 

FIGs. 18 and 19 are a structure in which three of the linear light 
emitters 10, which include the translucent rod-shaped body 1, are 
disposed at a back light 32 of an automobile. Because the translucent 
rod-shaped body 1 can be bent freely, it can be smoothly mounted in 
accordance with the shape of the vehicle body. Note that, in FIG. 19, 12 
is the light source and 15 is the housing. 

FIGs. 20 through 22 are structures in which the linear light 
emitter 10, which includes the translucent rod-shaped body 1 which is 
formed in a ring-shape, is disposed at a headlight 33 of an automobile. 



66 



As shown in FIG. 21 A and FIG. 21B, the sockets 15, which have the 
light sources 12 therein, are mounted to the both end portions of the 
ring-shaped translucent rod-shaped body 1. Further, as shown in FIGs. 
22A and 22B, a cut portion is formed at two places in the radial 
direction of the ring-shaped translucent rod-shaped body 1, and the 
light sources 12 are disposed at the cut portions. Note that, in FIGs. 21 
and 22, 12 is the light source and 15 is the housing. 

FIGs. 23 and 24 are a structure in which three of the linear light 
emitters 10, which include the translucent rod-shaped body 1, are 
disposed at a differently-shaped headlight 33 of a wagon-type vehicle. 
Because the translucent rod-shaped body 1 can be bent freely, it can be 
smoothly mounted in accordamce with the shape of the vehicle body. 
Note that, in FIG. 24, 12 is the light source and 15 is the housing. 

FIGs. 25 and 26 show a high-mount stop lamp mounted to the 
recir portion of a vehicle. FIG. 25 is a conventional lamp-type 
high-mount stop lamp 40. FIG. 26 is a perspective view showing a 
state in which the linear light emitter 10 is mounted as a high-mount 
stop lamp. Note that, in the figures, 41 is a window glass. 

When the linear light emitter 10 shown in FIG. 26 is used in the 
high-mount stop lamp 40, as compared with the conventional stop 
lamp, the protruding portion disappears, and the linear light emitter 
10 does not take up space and is superior from a design sense as well. 

The linear light emitter of the present invention was described 
above. However, the present invention is not limited to the 
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above-described aspects. For example, notches, grooves, rough surface 
portions or the like may be provided along the longitudinal direction 
of the outer peripheral surface of the translucent rod-shaped body, 
and a means for scattering the incident light may be used. In addition, 
various modifications may be made within a scope which does not 
depart from the gist of the present invention. 

Examples 

Hereinafter, the present invention will be concretely described by 
showing Examples. However, the present invention is not to be 
limited by the following Examples, 
[Example 1] 

Using a 200 t type injection molding device, PMMA (polymethyl 
methacrylate) pellets were injection molded in a mold for a rod, which 
mold was ct> 14 mm and a length of 20 cm, at a screw temperature of 
220 ""C to 240''C and a mold temperature of eO^'C, and the translucent 
rod-shaped body was prepared. 

Light reflecting films (white lines; SGI 00, an acrylic urethane 
coating material containing 33.3% by mass of Ti02) of line widths of 1 
mm, 3 mm, 5 mm, and 7 mm were respectively coated and formed in 
the lengthwise direction of the translucent rod-shaped body. 

With regard to the obtained translucent rod-shaped body, two 
LEDs (red color, HPWT-DHOO; 50 mA) were used as the light source, 
and light was incident from one side. With regard to the intensity 
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visual field angle characteristic at a position 40 cm from the light 
source side, the peripheral direction intensity distribution and the 
lengthwise direction intensity distribution at the time when the visual 
field angle was changed to ±60"" from the front surface (0"^) of the light 
emitting surface, were measured by using the Minolta colorimetar 
CSIOO. The results are shown in Tables 1, 2 and FIGs. 27, 28. 
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TABLE 1 Peripheral Direction Intensity Distribution 





line width of light reflecting layer: LW 






1 mm 


3 mm 


5 mm 


7 mm 






/LC 


0.027 


0.08 


0.133 


0.186 






60 


3.1 


2.5 


2.3 


2.7 






57 


3.3 


2.3 


2.3 


2.0 






54 


3.5 


2.1 


2.3 


1.7 






51 


3.7 


2.1 


2.3 


1.6 






48 


3.9 


2.1 


2.3 


1.6 






45 


4.2 


2.0 


2.3 


1.6 






42 


4.2 


2.0 


2.3 


1.7 






39 


4.1 


2.0 


2.4 


1.6 






36 


3.7 


1.9 


2.5 


1.7 






33 


3.3 


1.9 


2.7 


6.9 






30 


3.1 


1.9 


3.0 


21.5 






27 


2.7 


1.9 


8.8 


39.6 






24 


2.3 


1.8 


30.9 


58.6 






21 


1.9 


2.1 


59.6 


80.7 






18 


1.9 


20.4 


91.1 


91.0 






15 


3.4 


55.0 


123.6 


89.2 






12 


43.7 


96.0 


153.5 


87.2 




9 


110.4 


140.7 


158.9 


85.7 






6 


184.7 


182.8 


158.4 


84.7 




dang] 


3 


252.2 


210.6 


158.1 


84.3 




0 


267.7 


212.9 


157.8 


84.2 




alfiel 


-3 


254.6 


212.6 


157.7 


84.5 




-6 


194.6 


200.4 


157.9 


85.1 




1 


-9 


122.6 


160.3 


157.9 


86.2 






-12 


64.0 


119.2 


155.8 


87.5 






-15 


13.0 


77.3 


130.6 


88.9 






-18 


2.3 


39.1 


94.1 


90.1 






-21 


2.3 


10.1 


62.4 


88.8 






-24 


2.5 


2.3 


33.9 


67.3 






-27 


2.6 


2.4 


11.1 


44.3 






-30 


2.7 


2.6 


2.6 


25.1 






-33 


2.8 


2.8 


2.3 


10.1 






-36 


2.9 


2.8 


2.1 


2.1 






-39 


3.0 


2.8 


2.0 


1.7 






-42 


4.0 


2.8 


1.9 


1.6 






-45 


3.9 


2.8 


2.1 


1.6 






-48 


3.6 


2.8 


2.0 


1.6 






-51 


3.2 


2.8 


2.0 


1.9 






-54 


3.0 


2.7 


2.1 


1.9 






-57 


2.9 


2.6 


2.1 


1.9 






-60 


2.8 


2.6 


2.1 


1.9 
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TABLE 2 Lengthwise Direction Intensity Distribution 







line width of light reflecting layer: LW 








1 TYITYl 
± ilLLil 


\j IlLLIL 


\J IILLIL 


/ IllXIL 




T W 

Li V V ^ 


/T C 


0 097 


0 08 


0 133 


0 186 

\J, XOD 






80 


14 5 


8 5 


7 6 


3 8 






75 


9Q R 


91 4 


1Q 0 


10 0 






70 


^4 0 


40 4 


0\J,D 


1Q 










6e; Q 


0 


'^O 






DU 


1 9*^ 1 


QO 0 


l'\ Q 


40 








1^7 


10Q 0 


8Q 8 


47 Q 
ft/ 








1R4 5 


199 Q 


109 4 


59 8 








907 7 


13*^ 9 


10Q 6 


60 6 






40 


996 3 


145 1 


1171 


66 6 








941 4 


160 Q 


196 1 
xzo.x 


70 7 
/ u,/ 






30 




173 9 


1*^6 1 

XOD.X 


74 4 

/ rr.rr 






25 


9<^9 7 


184 7 

XOrr./ 


1'^Q 9 


77 9 

/ / .z 










1Q7 4 


147 4 


78 Q 




15 


966 3 


904 4 


1 R1 9 
XC/X.Z 


80 R 






10 


9A7 7 


90R A 


1 t^l ft 


ft9 7 
OZ./ 




al field ang] 


-J 


968 « 


911 8 

.^x x.o 


1 S4 4 


84 




0 


967 


91 9 
ZXO.Z 


1 1^7 ft 


ftA 9 


intens 




96C> 


91 A 


1 ^6. 7 


8*^ 9 


-10 


961 6 


914 0 
ZX4.U 


1 RO Q 


89 O 




eg 


-1 R 


9^6 7 
ZOO./ 


90Q 7 


1 C^l Q 


ftO O 




'> 


90 


91^0 4 


90*^ 


1 zLft 9 
X4:O.Z 


7ft '\ 






-95 


944 7 


1 Q7 9 
LV/ .z 


146 0 


76 O 






-30 


9*^4 1 


187 7 
xo/ ./ 


1*^0 4 


79 8 






-35 


990 


1 7S 0 


I'^P^ 1 


6Q 4 






-40 


904 3 


1 57 3 


196 1 

XZU. X 


65 9 






-45 


186 0 


131 3 


108 3 


59 1 






-50 


165.5 


114.7 


92.9 


50.1 






-55 


140.8 


105.3 


81.8 


43.5 






-60 


109.6 


92.1 


70.0 


38.2 






-65 


76.3 


70.1 


54.5 


29.7 






-70 


45.0 


44.2 


36.5 


19.4 






-75 


19.8 


21.9 


19.8 


10.5 






-80 


7.4 


8.6 


8.3 


4.6 





[Example 2] 

In the same way as in Example 1, translucent rod-shaped bodies 
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having a diameter of 12 mm and lengths of 50 cm and 100 cm were 
prepared. 

Light reflecting films (white lines; SGI 00, an acrylic urethane 
coating material containing 33.3% by mass of TiOi) of line widths of 
1.2 mm, 3.5 mm, 6 mm and 8 mm were respectively coated and 
formed in the lengthwise direction of the translucent rod-shaped 
body. 

With regard to the obtained translucent rod-shaped body, for the 
relationship between the axial direction length and the side surface 
intensity (cd/m^), two LEDs each (red color, HPWT-DHOO) were used 
as the light sources (for a total of 4), and light was incident from both 
sides, and the intensity (cd/ m^) of the light emitting surface at a visual 
field angle (G) of 0"" was measured by using the Minolta colorimetar 
CSIOO. The results are shown in Table 3 (100 cm length). Table 4 (50 
cm length) and FIGs. 29, 30. 



TABLE 3 







line width of light reflecting layer: LW 








1.2 mm 


3.5 mm 


6 mm 


8 mm 






5 cm 


641.5 


892.1 


803 


815.5 






10 cm 


652 


679.2 


574 


512.5 




1 


20 cm 


680 


497.1 


390.1 


255.9 






30 cm 


636.5 


402.05 


263.6 


140.8 




§ 


40 cm 


580 


334 


187.1 


93.2 






50 cm 


580 


334 


187.1 


93.2 


intens 




60 cm 


580 


334 


187.1 


93.2 




70 cm 


636.5 


402.05 


263.6 


140.8 






80 cm 


680 


497.1 


390.1 


255.9 






90 cm 


652 


679.2 


574 


512.5 






95 cm 


641.5 


892.1 


803 


815.5 
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TABLE 4 





line width of light reflecting layer: LW 




1.2 mm 


3.5 mm 


6 mm 


8 mm 


axial direction 
length 


5 cm 


838 


1026 


891.3 


865.05 




10 cm 


870 


833 


679 


572.5 


20 cm 


961 


731 


579 


367 


30 cm 


961 


731 


579 


367 


40 cm 


870 


833 


679 


572.5 


45 cm 


838 


1026 


891.3 


865.05 



[Example 3 and Comparative Examples 1, 2] 

Using a 200 t type injection molding device, PMMA (polymethyl 
methacrylate) pellets were injection molded in a mold for a rod, which 
mold was (1)14 mm and a length of 20 cm and had convex portions for 
formation of the light reflecting layer along tine lengthwise direction at 
one portion of the inner surface tiiereof, at a screw temperature of 
220''C to 240''C and a mold temperature of SO^'C, and the translucent 
rod-shaped body was prepared. 

57 V-shaped grooves, whose groove widths are 5 mm, groove 
depths are 0.5 mm and groove intervals are 3.5 mm, are formed 
uniformly in the axial direction in the outer peripheral surface of the 
obtained translucent rod-shaped body. Note that the groove angle is 
expressed by the vertical angle, and 1/2 of the vertical angle is the 
angle 0 formed by the axis orthogonal to the axial direction of the 
linear light emitter and the light incident surface at the light reflecting 
groove. 

With regard to the obtained translucent rod-shaped body, 4 LEDs 
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(red color, HPWT-DHOO) were used as the light source, and light was 
incident from one side. For the intensity visual field angle 
characteristic in accordance with changes in the groove angle at the 
29th groove position (10 cm from the light source side), the intensity 
(cd/m2) of the light emitting surface at the time when the visual field 
angle was changed to ±60^ from the front surface (0°) of the light 
emitting surface was measured by using the Minolta colorimetar 
CSIOO. The results are shown in Table 5 and FIG. 31. 

Further, with regard to the intensity distribution (side surface 
intensity) in the axial direction (lengthwise direction), four LEDs (red 
color, HPWT-DHOO) were used as the light sources, and light was 
incident from the both ends. The intensity (cd/ m^) of the light 
emitting surface at a visual field angle of 0° was measured by using 
the Minolta colorimetar CSIOO. The results are shown in Table 6 and 
FIG. 32. 

Note that measurement was conducted similarly on, as 
Comparative Example 1, a structure in which grooves and white lines 
(a reflection preventing layer; SGI 00, an acrylic urethane coating 
material containing 33.3% by mass of TiOa) were not provided, and, as 
Comparative Example 2, a structure in which grooves were not 
provided and white lines (a reflection preventing layer) were 
provided. 
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TABLE 5 







example 3 


uump. 

ov 1 


comp. 








vertical ang 


e of V-shaped groove 


1 lUI Ic 


vviiiLt; 








yjyj 












lines 












0 






Q9 0 


97^^ R 












4.91 0 








989 9 












ooo.o 






98 ^ 








S07 S 


732 7 


918 0 


1082 5 


1758 n 


1Q 1 


4.1 








712.3 


935.0 


1137.0 


1325.0 


1823.0 


19 8 


4.Q8 0 




1 


10 


935.6 


1083.3 


1231.0 


1467.4 


1181.8 


Q Q 


DOO./ 




0 


1030.0 


1090.0 


1170.0 


1280.0 


775.0 


8 8 


SI 7 0 


intens 


al fieL 


-10 


1063.6 


984.8 


935.6 


984.8 


559.4 


7.3 


515.1 


-20 


1005.5 


829.7 


683.2 


748.0 


421.9 


7.5 


461 A 




1 


-30 


853.0 


603.6 


474.6 


551.7 


342.9 


8.4 


394.0 






-40 


654.2 


418.3 


314.1 


379.2 


252.0 


11.6 


317.9 






-50 


516.8 


291.2 


214.7 


252.6 


194.8 


18.3 


237.8 






-60 


407.5 


216.0 


173.5 


203.5 


144.0 


32.6 


213.5 





TABLE 6 







example 3 


comp. 








vertical angl 


e of V-shaped groove 


ex. 2 








60° 


75° 


90° 


105° 


120° 


white 
lines 






2 cm 


964 


1002 


1342 


1586 


795 


520 




4 cm 


856 


1093 


1185 


1255 


755 


519 






6 cm 


945 


1087 


1170 


1245 


775 


518 




c 
o 


8 cm 


1013 


1117 


1250 


1329 


778 


517 


•l-H 


u 


10 cm 


1030 


1093 


1170 


1280 


775 


517 


intens 




12 cm 


1010 


1110 


1245 


1265 


744 


518 


14 cm 


974 


1083 


1175 


1235 


738 


519 






16 cm 


915 


1110 


1180 


1195 


707 


520 




18 cm 


1053 


1355 


1340 


1408 


702 


521 





[Example 4 and Comparative Examples 3, 4] 

Except that inverted cone-shaped grooves were used as the light 
reflecting grooves instead of the V-shaped grooves, the same 
procedures as in Example 3 were carried out, and the intensity visual 
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field angle characteristic in accordaince with changes in the groove 
angle, and the side surface intensity were measured. The results are 
shown in Tables 7, 8 and FIGs. 33, 34. 

The inverted cone-shaped grooves have a groove width of 3.0 to 
4.0 mm, a groove depth of 0.5 mm, and a groove interval of 3.5 mm. 
Note that the groove angle is expressed by the vertical angle, and 1/2 
of the vertical angle is the angle 0 (°) formed by the axis orthogonal to 
the axial direction of the linear light emitter and the light incident 
surface at the light reflecting groove. 



TABLE 7 





example 4 


comp. 

ex. 3 


comp. 
ex. 4 




vertica 


angle of inverted cone-shapec 


. groove 


none 


white 
lines 


60° 


75° 


90° 


105° 


120° 


visual field angle (deg) 


60 


261.5 


294.5 


530.0 


790.0 


1390.0 


92.0 


275.5 


intensity 


50 


315.6 


446.1 


822.8 


822.8 


1928.4 


56.9 


289.9 


40 


443.5 


699.4 


1087.8 


1332.9 


2060.7 


28.6 


344.0 


30 


624.4 


944.0 


1299.0 


2113.1 


2295.0 


19.1 


416.6 


20 


794.0 


1202.8 


1541.1 


2847.3 


1860.6 


12.8 


498.0 


10 


947.4 


1408.3 


1565.8 


2639.3 


917.8 


9.9 


538.7 


0 


947.0 


1490.0 


1350.0 


1910.0 


454.0 


8.8 


517.0 


-10 


994.7 


1457.5 


1053.7 


1270.4 


307.3 


7.3 


515.1 


-20 


938.8 


1061.9 


738.6 


882.4 


327.0 


7.5 


461.4 


-30 


735.3 


701.5 


534.3 


640.0 


363.7 


8.4 


394.0 


-40 


497.2 


509.4 


400.6 


460.4 


317.1 


11.6 


317.9 


-50 


338.1 


366.4 


291.8 


315.6 


268.0 


18.3 


237.8 


-60 


257.5 


272.5 


201.5 


247.0 


215.0 


32.6 


213.5 
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TABLE 8 





example 4 


comp. 




vertical angle of inverted cone-shaped 

groove 


ou 










WlllLfc: 
111 L\iro 


axial direction length 


2 cm 


884 


1395 


1226 


2035 


668 




intensity 


4 cm 


785 


1238 


1416 


1692 


644 


519 


6 cm 


867 


1380 


1385 


1671 


656 


518 


8 cm 


929 


1467 


1376 


1797 


658 


517 


10 cm 


945 


1490 


1350 


1816 


656 


517 


12 cm 


927 


1462 


1376 


1790 


638 


518 


14 cm 


894 


1410 


1358 


1713 


634 


519 


16 cm 


839 


1320 


1412 


1650 


616 


520 


18 cm 


966 


1524 


1416 


1860 


613 


521 



[Example 5 and Comparative Examples 5, 6] 

Using a 200 t type injection molding device, PMMA (polymethyl 
methacrylate) pellets were injection molded in a mold for a rod, which 
mold was <!> 14 mm and a length of 20 cm and had convex portions for 
formation of the light reflecting layer along the lengthwise direction at 
one portion of the inner surface thereof, at a screw temperature of 
220°C to 240''C and a mold temperature of 60''C, and the translucent 
rod-shaped body was prepared. 

57 V-shaped grooves, whose groove widths are 5 mm, groove 
depths are 0.5 mm, and groove intervals are 3.5 mm and whose both 
ends are stopped as shown in FIGs. 5A and 5B, are formed uniformly 
in the axial direction in the outer peripheral surface of the obtained 
translucent rod-shaped body. Note that the groove angle is expressed 
by the vertical angle, and 1/2 of the vertical angle is the angle 0 (^) 
formed by the axis orthogonal to the axial direction of the linear light 
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emitter and the light reflecting surface at the light reflecting groove. 

With regard to the obtained translucent rod-shaped body, 4 LEDs 
(red color, HPWT-DHOO) were used as the light source, and light was 
incident from one side. For the intensity visual field angle 
characteristic in accordance with changes in the groove angle at the 
29*^ groove position (10 cm from the light source side), the intensity 
(cd/ m^) of the light emitting surface at the time when the visual field 
angle was changed to ±60"^ from the front surface (0°) of the light 
emitting surface was measured by using the Minolta colorimetar 
CSIOO. The results are shown in Table 9 and FIG. 35. 

Further, with regard to the intensity distribution (side surface 
intensity) in the axial direction (lengthwise direction), four LEDs (red 
color, HPWT-DHOO) were used as the light sources, and light was 
incident from the both ends. The intensity of the light emitting surface 
at a visual field angle of 0° was measured by using the Minolta 
colorimetar CSIOO. The results are shown in Table 10 and FIG. 36, 

Note that measurement was conducted similarly on, as 
Comparative Example 5, a structure in which grooves and white lines 
(reflective coating material; SGI 00, an acrylic ure thane coating 
material containing 33.3% by mass of TiOi) were not provided, and, as 
Comparative Example 6, a structure in which grooves were not 
provided and white lines (a reflection preventing layer) were 
provided. 
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TABLE 9 







example 5 


comp. 
ex. 5 


ex. 6 








vertical ang 
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90° 


105° 


120° 
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> 
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379.2 


252.0 


11.6 
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-50 
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214.7 


252.6 


194.8 


18.3 


237.8 






-60 


407.5 


216.0 


173.5 


203.5 


144.0 


32.6 


213.5 





TABLE 10 







example 5 


comp. 








vertical angl 


e of V-shaped groove 


ex. 6 








60° 


75° 


90° 


105° 


120° 


white 
lines 






2 cm 


964 


1002 


1342 


1586 


795 


520 




1 


4 cm 


856 


1093 


1185 


1255 


755 


519 






6 cm 


945 


1087 


1170 


1245 


775 


518 




o 


8 cm 


1013 


1117 


1250 


1329 


778 


517 




al directi( 


10 cm 


1030 


1093 


1170 


1280 


775 


517 


intens 


12 cm 


1010 


1110 


1245 


1265 


744 


518 


14 cm 


974 


1083 


1175 


1235 


738 


519 






16 cm 


915 


1110 


1180 


1195 


707 


520 




18 cm 


1053 


1355 


1340 


1408 


702 


521 





[Example 6 and Comparative Examples 7, 8] 

Except that inverted cone-shaped grooves were used as the light 
reflecting grooves instead of the V-shaped grooves, the same 
procedures as in Example 5 were carried out, and the intensity visual 
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field angle characteristic in accordance with changes in the groove 
angle, and the side surface intensity were measured. The results are 
shown in Tables 11, 12 and FIGs. 37, 38. 

Both ends of the inverted cone-shaped grooves are stopped as 
shown in FIGs. 6A and 6B, and the inverted cone-shaped grooves have 
a groove width of 3.0 mm to 4.0 mm, a groove depth of 0.5 mm, and a 
groove interval of 3.5 mm. Note that the groove angle is expressed by 
the vertical angle, and 1/2 of the vertical angle is the angle 0 {^) 
formed by the axis orthogonal to the axial direction of the linear light 
emitter and the light reflecting surface at the light reflecting groove. 



TABLE 11 







example 6 


comp. 
ex. 7 


comp. 
ex.8 








vertica 


angle of inverted cone-shaped groove 


none 


white 








60° 


75° 


90° 


105° 


120° 




lines 






60 


261.5 


294.5 


530.0 


790.0 


1390.0 


92.0 


275.5 






50 


315.6 


446.1 


822.8 


822.8 


1928.4 


56.9 


289.9 




<u 
'O 


40 


443.5 


699.4 


1087.8 


1332.9 


2060.7 


28.6 


344.0 




30 


624.4 


944.0 


1299.0 


2113.1 


2295.0 


19.1 


416.6 




(1) 


20 


794.0 


1202.8 


1541.1 


2847.3 


1860.6 


12.8 


498.0 




al field ang] 


10 


947.4 


1408.3 


1565.8 


2639.3 


917.8 


9.9 


538.7 




0 


947.0 


1490.0 


1350.0 


1910.0 


454.0 


8.8 


517.0 


intens 


-10 


994.7 


1457.5 


1053.7 


1270.4 


307.3 


7.3 


515.1 


-20 


938.8 


1061.9 


738.6 


882.4 


327.0 


7.5 


461.4 




.59 


-30 


735.3 


701.5 


534.3 


640 


363.7 


8.4 


394.0 




> 


-40 


497.2 


509.4 


400.6 


460.4 


317.1 


11.6 


317.9 






-50 


338.1 


366.4 


291.8 


315.6 


268.0 


18.3 


237.8 






-60 


257.5 


272.5 


201.5 


247.0 


215.0 


32.6 


213.5 
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TABLE 12 





example 6 


comp. 
ex. 8 




vertical angle of inverted cone-shaped 
groove 


ow 


/ \j 








WIULC 

lines 


axial direction length 


2cni 


884 


1395 


1226 


2035 


668 




intensity 


4 cm 


785 


1238 


1416 


1692 


644 


519 


6 cm 


867 


1380 


1385 


1671 


656 


518 


8 cm 


929 


1467 


1376 


1797 


658 


517 


10 cm 


945 


1490 


1350 


1816 


656 


517 


12 cm 


927 


1462 


1376 


1790 


638 


518 


14 cm 


894 


1410 


1358 


1713 


634 


519 


16 cm 


839 


1320 


1412 


1650 


616 


520 


18 cm 


966 


1524 


1416 


1860 


613 


521 



[Example 7 Eind Comparative Example 9] 

Using a 200 t type injection molding device, PMMA (polymethyl 
methacrylate) pellets were injection molded in a mold for a rod, which 
mold was ^ 14 mm and a length of 20 cm and had convex portions for 
formation of the light reflecting layer along the lengthwise direction at 
one portion of the inner surface thereof, at a screw temperature of 
220''C to 240°C and a mold temperature of eO'^C, and the translucent 
rod-shaped body was prepared. 

57 V-shaped grooves, whose groove widths are 5 mm, groove 
depths are 0.5 mm, and groove intervals are 3.5 mm, are formed 
uniformly in the axial direction in the outer peripheral surface of the 
obtained translucent rod-shaped body. 

Structures (Example 7) whose V-shaped grooves were polished to 
be surface roughnesses (Ra) of 0.4 |xm, 0.2 jim, and unpolished 
structures (surface roughness (Ra): 2 ^m) (Comparative Example 9) 
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were obtained. Note that the measurement of the surface roughness 
was carried out by a laser interference microscope (manufactured by 
Keyence Corporation). 

With regard to the obtained translucent rod-shaped body, 4 LEDs 
(red color, HPWT-DHOO) were used as the light source, and light was 
incident from one side. For the intensity visual field angle 
characteristic of the 29^ groove position (10 cm from the light source 
side), the intensity (cd/m^) of the light emitting surface at the time 
when the visual field angle was changed to ±60'' from the front surface 
(0°) of the light emitting surface was measured by using the Minolta 
colorimetar CSIOO. The results are shown in Table 13 and FIG. 39. 

Further, with regard to the intensity distribution (side surface 
intensity) in the axial direction (lengthwise direction), four LEDs (red 
color, HPWT-DHOO) were used as the light sources, and light was 
incident from the both ends. The intensity of the light emitting surface 
at a visual field angle of 0^ was measured by using the Minolta 
colorimetar CSIOO. The results are shown in Table 14 and FIG. 40. 
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TABLE 13 





comp. ex. 9 


ex. 7 




V-shaped 


OTOOVP 1?a 


2.0 |im 


0 4 um 


0 2 um 






60 


490.5 


374 5 


535 0 






50 


487.2 


4S4 5 


649 2 






40 


744 6 


740 n 


1057 1 

X Wi-/ / . X 




30 


987.3 


988 1 


1311 6 








1202 8 


960 4 






dang] 


10 


1270 A 


1937.1 


2767.3 




0 


1150.0 


1778.0 


2540.0 


intens 




-10 


921.8 


675.6 


965.1 




-20 


691.6 


258.5 


369.3 






-30 


493.6 


158.8 


226.9 




> 


-40 


323.3 


129.2 


184.6 






-50 


234.6 


112.0 


160.1 






-60 


196.0 


93.8 


134.0 





TABLE 14 





comp. ex. 9 


ex. 7 




V-shaped 


groove Ra 


2.0 um 


0.4 um 


0.2 M^m 






2 cm 


1230 


2020 


2399 






4 cm 


1180 


1929 


2296 






6 cm 


1206 


1817 


2504 




o 


8 cm 


1358 


1933 


2385 




u 


10 cm 


1149 


1778 


2540 


intens 




12 cm 


1266 


1904 


2294 




14 cm 


1363 


1796 


2380 




•l-H 


16 cm 


1331 


1941 


2155 




18 cm 


1397 


1992 


2338 





[Example 8 and Compeirative Example 10] 

Except that inverted cone-shaped grooves were used as the light 
reflecting grooves instead of the V-shaped grooves, the same 
procedures as in Example 7 were carried out, and the intensity visual 
field angle characteristic and the side surface intensity were measured. 
The results are shown in Tables 15, 16 and FIGs. 41, 42. 
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The inverted cone-shaped grooves have a groove width of 3.0 to 
4.0 mm, a groove depth of 0.5 mm, and a groove interval of 3.5 mm. 
Structures (Example 8) whose inverted cone-shaped grooves were 
polished to be surface roughnesses (Ra) of 0.4 fim, 0.2 ^im, and 
unpolished structures (surface roughness (Ra): 2 |im) (Comparative 
Example 10) were obtained. 



TABLE 15 





comp. ex. 
10 


ex.8 




inverted cone-shaped 


2.0 n 


0.4 [im 


0.2 nm 




groove Ra 












60 


600.0 


409.5 


585.0 






50 


668.5 


445.9 


637.0 




to 


40 


1087.8 


675.7 


965.2 




30 


1619.5 


1333.7 


1905.3 






20 


1804.2 


2295.7 


3279.5 




C 


10 


1762.8 


2971.2 


4244.5 




:ield a 


0 


1610.0 


2156.0 


3080.0 


intens 


-10 


1191.6 


710.0 


1014.4 


15 


-20 


862.6 


402.6 


575.1 






-30 


601.0 


300.1 


428.7 




> 


-40 


431.3 


217.2 


310.2 






-50 


323.3 


180.4 


257.8 






-60 


246.0 


156.1 


223.0 
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TABLE 16 





10 


ex.8 




inverted cone-shaped 




0 /L 1 im 






groove Ra 










1 


2 cm 


1774 


2251 


3133 




4 cm 


1731 


2029 


3189 






6 cm 


1724 


2184 


3196 




axial direction 


8 cm 


1690 


2193 


3005 




10 cm 


1607 


2151 


3074 


intens 


12 cm 


1562 


2282 


3215 


14 cm 


1531 


2053 


3255 




16 cm 


1498.6 


2180 


3077 




18 cm 


1459.2 


2282 


3404 





[Example 9 and Comparative Example 11] 

Using a 200 t type injection molding device, PMMA (polymetiiyl 
methacrylate) pellets were injection molded in a mold for a rod, which 
mold was (|) 14 mm and a length of 20 cm and had convex portions for 
formation of the light reflecting layer along the lengthwise direction at 
one portion of the inner surface thereof, at a screw temperature of 
220''C to 240''C and a mold temperature of 60^C, and the translucent 
rod-shaped body was prepared. 

57 V-shaped grooves, whose groove widths aire 5 mm, groove 
depths are 0.5 mm, and groove intervals are 3.5 mm, are formed 
uniformly in the axial direction in the outer peripheral surface of the 
obtained translucent rod-shaped body. 

The light reflecting surfaces of the V-shaped grooves were 
polished to a surface roughness (Ra) of 0.2 jim, and structures 
(Example 9) in which Ag or Al was deposited on the light reflecting 
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surfaces after this polishing, and structures (Comparative Example 11) 
in which no metal film was formed on the light reflecting surfaces 
after this polishing were obtained. Note that the measurement of the 
surface roughness was carried out by a laser interference microscope 
(manufactured by Keyence Corporation). 

With regard to the obtained translucent rod-shaped body, 4 LEDs 
(red color, HPWT-DHOO) were used as the light source, and light was 
incident from one side. For the intensity visual field angle 
characteristic of the 29^ groove position (10 cm from the light source 
side), the intensity distribution of the lengthwise direction and the 
intensity distribution of the peripheral direction at the time when the 
visual field angle was changed to ±60° from the front surface (0*^) of 
the light emitting surface, were measured by using the Minolta 
colorimetar CSIOO. The results are shown in Tables 17 through 19 and 
FIGs. 43 through 45. 
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TABLE 17 Intensity Distribution in Lengthwise Direction 







11 


example 9 










L/iJllOl LLl ■ 


Al 






60 


535.0 


SIS 3 


438 fl 






50 


649.2 


731 7 


622 0 




<u 


40 


1057.1 


19S9 Q 






30 


1411.6 


1782 6 


1 SI S 2 




0) 


20 


1372 0 


4015.3 


3188.0 




al field ang] 


10 


2767.3 


5211.7 


4405.0 




0 


2540.0 


4301.0 


3600.9 


intens 


-10 


965.1 


2200.4 


1870.4 


-20 


369.3 


1210.3 


1028.8 






-30 


226.9 


825.0 


701.3 




> 


-40 


184.6 


638.0 


542.3 






-50 


160.1 


464.7 


395.0 






-60 


134.0 


462.0 


392.7 





TABLE 18 Intensity Distribution in Peripheral Direction 







comp. ex. 
11 


example 9 








polishing 


polishing + 
Ak 


polishing + 
Al 






60 


3.4 


5.8 


4.4 






50 


4.2 


5.2 


5.5 






40 


5.5 


6.3 


7.1 






30 


17.5 


11.0 


22.8 




bJO 
0) 


20 


294.8 


183.6 


384.9 




15 


799.2 


902.5 


1043.4 






10 


2322.0 


3644.8 


3031.5 






5 


3240.0 


5133.2 


4430.0 


•»-H 




0 


3080.2 


4920.0 


4004.4 


intens 




-5 


2743.2 


3939.6 


3381.4 




-10 


1674.0 


2706.8 


2185.5 




s 
.a 


-15 


393.1 


1064.0 


513.2 




> 


-20 


78.1 


209.0 


101.9 






-30 


6.1 


9.6 


8.0 






-40 


4.5 


5.9 


5.9 






-50 


3.7 


4.8 


4.8 






-60 


3.3 


4.8 


4.3 
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TABLE 19 Relationship Between Axial Direction Length and 



Intensity 







comp. ex. 

11 


example 9 








polishing 


polishing + 
Ag 


polishing + 
Al 






2 


2718 


5302 


4464 






4 


2608 


5074 


4263 






6 


2665 


5534 


4016 




B 

u 


8 


2801 


5271 


4272 




length 


10 


2539 


5616 


3929 


intens 


12 


2798 


5070 


4207 


14 


3012 


5260 


3969 






16 


2942 


4763 


4290 






18 


3087 


5167 


4402 





[Example 10 and Comparative Example 12] 

Except that inverted cone-shaped grooves were used as the light 
reflecting grooves instead of the V-shaped grooves, the same 
procedures as in Example 9 were carried out, and the intensity 
distribution in the lengthwise direction, the intensity distribution in 
the peripheral direction, and the relationship between the axial 
direction length and the intensity were measured. The results are 
shown in Tables 20 through 22 and FIGs. 46 through 48. 

The inverted cone-shaped grooves have a groove width of 3.0 to 
4.0 mm, a groove depth of 0.5 mm, and a groove interval of 3.5 mm. 
The inverted cone-shaped grooves were polished to a surface 
roughness (Ra) of 0.2 jim, and structures (Example 10) in which Ag or 
Al was deposited on the light reflecting surfaces after this polishing. 
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and structures (Comparative Example 12) in which no metal film was 
formed on the light reflecting surfaces after this polishing, were 
obtained. 



TABLE 20 Intensity Distribution in Lengthwise Direction 







comp. ex. 
12 


example 10 








polishing 


polishing + 
Ag 


polishing + 
Al 






60 


585.0 


877.5 


760.5 






50 


637.0 


955.5 


828.1 




bJO 
q; 


40 


965.2 


1447.8 


1254.8 




30 


1905.3 


2857.9 


2476.8 




<u 


20 


3279.5 


5100.3 


4263.4 




al field ang] 


10 


4244.5 


6366.8 


5517.9 




0 


3080.0 


4920.0 


4004.0 


.1 


-10 


1014.4 


1521.5 


1318.7 


-20 


575.1 


862.6 


747.6 




• f-H 


-30 


428.7 


643.0 


557.3 




> 


-40 


310.2 


465.4 


403.3 






-50 


257.8 


386.6 


335.1 






-60 


223.0 


334.5 


289.9 
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TABLE 21 Intensity Distribution in Peripheral Direction 





L-uiTip. ex. 
1 9 


example 10 




L^L/Xlol 111 


L/L/lloXLllL^ ~ 


t**r^l icV» tT*fr -t- 
L/Ull9lLlllg ' 

Al 


60 


4.4 


5 8 


5 8 


50 


5.5 


5 2 


73 


40 


7.1 


6 3 


Q 4 


30 


22.8 


n 0 


30 0 


20 


384 9 


183 6 


S06 0 


15 


1043 4 


1 909 R 




10 


3031 5 


X X , Lj 


3Q84 8 




4930 n 


6333.2 


5460.2 


0 


4004 4 


5420.0 


4885.9 


-5 


3481.4 


4539.6 


4007.6 


-10 


2185.5 


2706.8 


2872.8 


-15 


513.2 


1064.0 


674.6 


-20 


101.9 


209.0 


134.0 


-30 


8.0 


9.6 


10.5 


-40 


5.9 


5.9 


7.7 



a; 



2 

> 



I 



TABLE 22 Relationship Between Axial Direction Length and 



Intensity 







comp. ex. 
12 


example 10 








polishing 


polishing + 
Ag 


polishing + 
Al 






2 


3296 


5595 


3790 






4 


3162 


5343 


3628 




(cm) 


6 


3232 


5033 


3956 




8 


3439 


5345 


3768 


• »-H 




10 


3079 


4295 


4013 


intens 


1 


12 


3392 


5274 


3825 


14 


3652 


4975 


3860 






16 


3567 


5377 


3875 






18 


3744 


5518 


3994 





[Example 11 and Comparative Examples 13, 14] 

Using a 200 t type injection molding device, PMMA (polymethyl 
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methacrylate) pellets were injection molded in a mold for a rod, which 
mold was 0 14 mm and a length of 20 cm and had convex portions for 
formation of the light reflecting layer along the lengthwise direction at 
one portion of the inner surface thereof, at a screw temperature of 
220°C to 240^*0 and a mold temperature of eO^'C, and the translucent 
rod-shaped body was prepared. 

57 V-shaped grooves, whose groove widths are 5 mm, groove 
depths are 0.5 mm, and groove intervals are 3.5 mm, are formed 
uniformly in the axial direction in the outer peripheral surface of the 
obtained translucent rod-shaped body. 

The translucent rod-shaped body of Example 11, in which a high 
refraction material (polystyrene) was coated in the V-shaped grooves, 
was prepared. 

Note that a translucent rod-shaped body which did not have 
grooves and white lines (a reflection preventing layer; SGIOO, an 
acrylic urethane coating material containing 33.3% by mass of Ti02) 
was prepared as Comparative Example 13. Further, a translucent 
rod-shaped body which did not have grooves and had white lines (a 
reflection preventing layer) was prepared as Comparative Example 14. 

With regard to the obtained translucent rod-shaped bodies, 4 
LEDs (red color, HPWT-DHOO) were used as the light source. When 
the state of light emission was evaluated with the naked eye, it was 
recognized that, with Example 11, strong, linear light which had high 
directivity and was substantially orthogonal to the axial direction was 
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obtained as compared with Comparative Examples 13, 14. 

In accordance with the present invention, by making the line 
width of the light reflecting layer appropriate, the angle distribution of 
the exiting light in the peripheral direction is optimized, strong, linear 
light which has high directivity and is substantially orthogonal to the 
peripheral direction is obtained, and a linear light emitter which has 
excellent stability, heat-resistance, weatherability and cost 
performance is obtained. 

Moreover, in accordance with the manufacturing method of the 
present invention, by transferring a light reflecting film of a transfer 
film to a translucent rod-shaped body simultaneously with the 
injection molding of the translucent rod-shaped body, a process for 
forming a light reflecting film at a light reflecting groove can be 
eliminated, and mass production is possible, and cost reduction can be 
aimed for. 



92 



